A strategic concept for best available techniques in the forest industry by Vasara, Petri et al.
A Strategic Concept for
Best Available Techniques in the
Forest Industry
F I N N I S H  E N V I R O N M E N T  I N S T I T U T E
Petri Vasara, Hannu Jäppinen and Pia Lobbas
425
ENVIRONMENTAL
PROTECTION
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •

HELSINKI 2001
T h e  F i n n i s h  E n v i r o n m e n t 425
F I N N I S H E N V I R O N M E N T I N S T I T U T E
Petri Vasara, Hannu Jäppinen and Pia Lobbas
A Strategic Concepts for
Best Available Techniques in the
Forest Industry
○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○2 The Finnish Environment 425
ISBN 952-11-0752-9
ISSN 1238-7312
Oy Edita Ab
Layout: Diaidea Oy
Helsinki 2001 Helsingfors
3The Finnish Environment 425 ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○
Preface
Finland has earlier provided the European Commission with several documents
where best techniques in the pulp and paper industry are described. In this report,
best techniques for pulp and paper mills in the EU area are presented verbally
inside a classification structure presented in an earlier report.
As pulp and paper products are highly diverse and utilised processes even
for one and the same product may vary greatly, many factors of production tech-
nology must be taken into account to guarantee a high level of environmental
protection. The best techniques cannot for the pulp and paper industry be defined
solely by describing unit processes. Instead, the whole installations must be exam-
ined and dealt with as entities.
In the documents supplied earlier by Finland, the pulp and paper industry
operating in the European Union has been examined and classified by the techni-
cal properties of the installations and their product range. Thus, the technically
diverse installations in the EU area can be presented using a manageable group-
ing of 9 main classes and 33 subclasses.
In this report, techniques which may constitute the best environmental solu-
tion have been presented. These techniques have been outlined for control of at-
mospheric and aquatic emissions and solid waste, and for each mill class separate-
ly. In choosing techniques, the BAT definitions in the IPPC directive have been
used.
Verification of the method for mill classification has been done by calculations
and estimations of emission levels on the basis of the technology outlines for each
mill class. In the calculations it is not possible to arrive at single figures. Instead,
value ranges have been given. Products use different quantities of raw materials
(e.g. kraft pulp, different groundwoods), with the consequence that emissions per
end product are of different levels. Emissions to air and water and solid waste
show even greater interdependency at lower emission levels and amounts of
waste. In the report, it has not been possible to describe in detail best operating
and control techniques, but it can be assumed that these affect the emissions es-
pecially at low levels. At low concentrations, measurement of emissions is fraught
with uncertainties. Thus, the usage of value ranges is explained by among others
the aspects above. In general, the values given illustrate emission levels achieva-
ble at existing mills using the techniques presented.
For comparison, information about the distribution of Finnish mills in differ-
ent classes and their emissions as reported to the authorities have been append-
ed.
The intention of this report has been to produce information that can be used
in the European Commission work to generate descriptions of best techniques.
The report is the work of Jaakko Pöyry Consulting on behalf of the Finnish Minis-
try for Trade and Industry, the Finnish Ministry for the Environment and the Finn-
ish Forest Industries Federation. The work has been directed by a working group
appointed by the financiers.
Helsinki, June 18, 1998
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Introduction
The goal of the project described in this report was to present a European perspec-
tive on BAT: conceptually clear, detailed to the level of the cadre of European mills
and the implementation of the IPPC directive.
The result is two-pronged:
• a short look at the concept BAT as applied to the forest industry. The defini-
tion is one thing, the conceptual combination of BAT and IPPC another.
During the 1990s environmental regulations for the pulp and paper indus-
try have become more uniform over the world although large differences still
exist. In countries with most stringent environmental regulations one has
introduced the concept of “Best Available Technology“ (BAT) in order to be
able to identify the (presently) best environmental performance in the indus-
try against which other industries may be measured. The term “best availa-
ble technology“ is taken to mean the latest available stage of development
(i.e. a practical state of the art) of processes, of facilities or of methods of op-
eration, which indicate the practical suitability of a particular measure for
limiting discharges. In this connection special consideration must also be giv-
en to the economic feasibility of the pollution control methods, as well as the
time limits for application and the nature and volumes of the discharges con-
cerned.
• a classification system where every European mill can find its place, with BAT
techniques presented for the relevant environmental parameters.
It should be borne in mind that the BAT techniques given in this document
refer exclusively to technological opportunities to reduce various emissions
from various pulp and paper production processes. Hence, they are not di-
rectly applicable as a basis for environmental permitting, which must also
take the existing environmental conditions at a certain mill site carefully into
account.
In the classification, three strands are intertwined:
• analysing of a database of the around 1150 mills in Europe, leading to sever-
al different mathematical classifications of the mill types,
• combining the database analysis with existing classification systems and, fi-
nally,
• working through and adapting the result in close cooperation between au-
thorities, industry and consultant.
This is thus not a project claiming to be the final word, but instead one hoping to
be a useful contribution on the BAT-road from concept to mill level and IPPC im-
plementation.
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Review of main environmental
limit and guideline systems in
selected countries
2.1 Europe
Environmental limit and guideline systems for pulp and paper industry vary sig-
nificantly between European countries, despite efforts to create a more uniform
system. Several countries have a system where the national legislation/authorities
set general (minimum) limits/guidelines that are adjusted by the permitting au-
thorities, based on the local environmental conditions.
Most countries have separate systems for air emissions, waste water discharg-
es and solid wastes, but especially after the European Union IPPC Directive, a
more integrated approach is aimed at.
Sweden has a well developed system of environmental permits and limits.
The limits are based on technically and economically feasible measures on case-
by-case basis, considering the environmental conditions. The permits normally
have limit values for emissions and requirements for technical measures (both
process internal and external). The permit limits are usually revised every ten
years, it is also possible to revise them if the conditions change significantly, or
when new environmental technology is available.
There is a set of national guidelines for emissions (kg/tonne, mg/l, mg/m3) and
control measures (technology, removal requirements). The permit limits often in-
clude maximum loads to the environment (kg/d, t/d).
Air emissions can be regulated by limits in concentration (mg/m3), specific
load (kg/t), and load to the environment (g/s, kg/d).
The Swedish permits typically two sets of limit values: (1) limits, usually as
annual averages, that must not be exceeded; (2) guideline limits, usually monthly
averages, that can be temporarily exceeded, continuous exceedance can result in
penalties.
Germany has federal-level minimum requirements for waste waters from
different pulp and paper mills, presenting limits for a few parameters (BOD, COD,
AOX, toxicity) in kg per tonne product and mg/l. The federal requirements have
been issued for two types of pulp mills (unbleached and bleached sulphite) and
eight types of paper mills:
• woodfree paper, unsized
• woodfree paper, sized
• special papers
• parchment
• coated woodfree
• wood-containing paper (integrated with mechanical pulping)
• paper based mainly on recycled fibres
• asbestos paper
The states can have their own guidelines. Permit authorities can set stricter limits,
based on the environmental conditions (an EIA is usually required). The mills have
also to pay environmental fees, if certain discharge limits are exceeded.
Emissions to the air must be controlled so that the published emission limits
(mg/m3) are met, and the ambient air quality standards are not exceeded (based
on standardised calculation methods).
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Solid waste management is strictly regulated in Germany, with a general re-
quirement to avoid formation of waste, and to recycle or otherwise beneficially use
waste as much as possible. Disposal of waste is limited to special landfills that need
to be constructed and managed to minimise harmful impacts (thus landfill fees are
very high), no organic materials can be landfilled, and incineration of waste must
meet very strict air emission limits (including heavy metals and dioxins).
Austria and Switzerland have similar systems as Germany. Interpretation of
the limits can vary locally, e.g. what kind of exceedence of limits is clear non-com-
pliance that requires action (for instance if a permit limit value is exceeded in a
period of ten days, 30 days, 100 days a year). Therefore, the most recent permits
tend to include maximum daily values and maximum monthly averages.
France has national guidelines for effluent discharges from different types of
paper and pulp mills covering only the main processes and a few parameters (in
kg/t). The permit procedure includes an environmental assessment and based on
this the permit authority sets the limits for each mill. The limits are usually given
in kg per tonne product (daily maximum and maximum monthly average).
The permits also limit the emissions to the air (mg/m3, and sometimes kg/h),
in principle based on national guidelines.
France has a system of environmental fees, based on effluent load.
2.2 North America
The environmental limit and guideline system in the United States is complicated
and still under significant development. The limits are based on the following
thinking:
• Best Practicable Control Technology Currently Available (BPT) must be used
by all dischargers of waste waters, when basic parameters are concerned
(BOD, TSS and pH)
• Best Conventional Pollutant Control Technology (BCT) can be required (for
BOD and TSS), if they can be justified (in practice usually the same as BPT)
• Best Available Technology Economically Achievable (BAT) must be used to
control toxic and non-conventional pollutants
• New Source Performance Standards (NSPS) are used for new plants, based
on best available technology
The old limits for waste waters have been given for 25 types of mills, based on the
types of pulp and paper produced and processes used. A new set of requirements
has been given to bleached kraft pulp mills (in November 1997). For each subcate-
gory a specific discharge limit is given, kg/tonne, as a maximum 1 day value and a
maximum monthly average.
The mills need also to meet the limits in the Quality Criteria for Water, and
this may require improved effluent control in certain cases. Toxicity limits for dis-
charged effluents have been include in recent permits (acute toxicity; and a re-
quirement to monitor sublethal effects).
Air emission limits for the mills are set based on best achievable control tech-
nology and the location of the mill. The main objective in emission control is to
meet the ambient air quality standards. Concerning toxic compounds the basis of
requirements is so-called Maximum Achievable Control Technology (MACT).
The US EPA has been developing a new set of federal guidelines, the so-called
Cluster Rules (Phase I, dealing with e.g. bleached kraft pulp mills and sulphite
mills) has been finalised in November 1997 and takes effect in February 1998). Lim-
its for 12 different types of mills are planned. The new rules are/will be more com-
prehensive than the present ones, requiring use of best available technology and
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dealing with emissions both to the waters and to the air in an integrated manner.
The limits will be stricter than the present, and they will include new parameters
(like AOX, polychlorinated phenols, chloroform, dioxins and furans, methanol).
The mill categories will be the following:
• paper grade kraft and soda pulp
• paper grade sulphite pulp
• unbleached kraft pulp
• semichemical pulp
• mechanical pulp
• nonwood pulp
• secondary fibre, nondeink
• secondary fibre, deink
• nonintegrated tissue and board
• dissolving kraft pulp
• dissolving sulphite pulp
Phase I of the Cluster Rules is a comprehensive regulatory package with listing of
required BAT/MACT technologies (e.g. 100% substitution of chlorine dioxide, effi-
cient biological wastewater treatment, collection of non-condensible gases), alter-
natives to comply with BAT/MACT level, incentives for mills to choose advanced
technology alternatives, maximum emissions from several sources, a requirement
to prepare and implement a best management practices (BMP) plan, and specific
requirements for monitoring and reporting. More information on Cluster Rule can
be found at www.epa.gov/ostwater/pulppaper/reg.html.
Canada has also two levels of legislation and authorities: the state and the
provinces. The national legislation/authorities set general guidelines, but the ac-
tual limits and guidelines can be different in each province. Most provinces require
that an EIA needs to be conducted when building or expanding pulp and paper
mills, and this EIA has an influence on the actual limits.
The waste water limit systems in Canada are mostly based on load kg per
tonne production. Different limits are applied for different types of mills. Some
parameters can be measured as concentrations. Toxicity limits are also used. Dur-
ing the past few years the Canadian limits for pulp and paper mills have been
developed, e.g. to include toxic substances, such as dioxins and furans.
Air pollution control in the Canadian mills is based on achieving ambient air
quality standards. Emission limits are typically given to main parameters and main
emission sources (e.g. SO2 from recovery boiler).
2.3 Asia
Indonesia is one of the most important pulp and paper producing country in Asia.
It has a fairly developed environmental permit system with environmental impact
assessments for major industrial plants. Two sets of national waste water stand-
ards have been issued, one to be applied by the year 1995 and the other by the year
2000. The limits are expressed both as concentration limits and as specific load (kg/
t), also use of water is limited (m3/t). The new limits have been given for seven
types of pulp mills and four types of paper mills.
There are national standards for atmospheric emissions from various sourc-
es in a pulp mill, expressed as mg/m3. The limits are relatively lenient by western
standards. The permit authority can issue stricter limits in certain areas.
The world class pulp and paper mills in Indonesia tend to follow internation-
al guidelines for their environmental control systems.
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China has a relatively complicated permit system with environmental impact
assessments. The emission limits in the environmental permits are based on na-
tional standards. The standards have been given for three types of pulp and pa-
per mills discharging into different quality class recipients (concentration limits for
BOD, COD and TSS; AOX both concentration and specific load).
2.4 South America
Brazil is the most important producer of pulp and paper in South America, and
serves often as a model for other countries in the region. The Brazilian authorities
tend to follow the US EPA guidelines when setting the environmental limits to the
mills.
Effluent limits cover conventional parameters and are usually expressed as
maximum specific loads (kg/t). Limits for modern mills are relatively strict.
Also the limits for gaseous emissions are relatively strict for new mills. Con-
centration limits are issued for main sources, and technological requirements (e.g.
collection of malodorous gases) are often presented in the permits.
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3.1 Concept and Objective of BAT
“What does it matter if a cat is black or white if it catches mice?”
Deng Xiaoping, former de facto ruler of the People’s Republic of China
The concept of BAT has been introduced for pulp and paper mills quite some time
ago. However, the variation in process systems in this industry is substantial and,
consequently, emissions likewise vary a lot from one kind of production to anoth-
er one. For instance, production of wood-free paper (fine paper) from purchased
pulp results in much smaller discharges than production of chemical or deinked
pulp. Accordingly, BAT in the pulp and paper industry has to be related to the
manufacturing process. As a mnemonic for relevant facts to remember when trav-
elling in BAT territory, the BAT-TRIP acronym below is given:
BAT-TRIP: 4 BAT axioms
T = Type of process The BAT-concept is related to the type of process and
not universal
R = Range of values BAT performance is situated in a range of values, not
at a single point value
I = IPPC BAT performance should be viewed as in the IPPC
(Integrated Pollution Prevention and Control) con-
cept as a combined view of all emissions, instead of
as a series of one-eyed views
P = Performance The BAT concept is linked to the environmental per-
formance of a mill, not to a strictly defined list of
equipment.
The above can be illustrated by two related examples, which could be called “The
Decathlon Trap” and “The Flex Pyramid”.
The Decathlon Trap
BAT being about performance, making a list of records springs to mind. Later sec-
tions of this report contain, in the lower BAT values, if not quite a list of records
then at least an indication of extremely good performance levels in global compe-
tition. The metaphor can be extended to a kind of decathlon (with more than ten
disciplines, however), where a mill must simultaneously master a host of differ-
ing techniques to achieve sufficient performance. The metaphor stands, because
one cannot put together a list of best performance ever in all disciplines and ex-
pect one single mill to match that list. Instead, BAT mills have their strongest and
weakest “disciplines”, depending on the technology choices made.
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The Flex Hierarchy
Thus, depending on e.g. the authorities setting the permit limits, the environmen-
tal emphasis in an area, mill technical development, what could be called a flex
hierarchy can be formed. This concept (an example is given in Figure 3/1 below)
illustrates that depending on the priority order in which the limits are set, a hier-
archy of flexibility forms, due to the fact that technology choices made affect the
realm of the feasible in later stages. There is no general flex hierarchy; all are situ-
ation-dependent.
Figure 3/1 is an example of one possible hierarchy, where the mill has concen-
trated first on emissions to air and water and then on water consumption, achiev-
ing very good performance. Turning to solid waste, its options are already limited
by the choices made, and for energy and chemicals the flex grows wider.
This, of course, is everyday reality which contrasts in a way with the spirit of
IPPC, where the whole system should be planned and controlled in an integrated
manner. But: even when building a greenfield mill, the same realities exist: you
have to prioritise, and choices made in one part of the process affect possibilities
in other parts.
General
In general, the pulp and paper industry is gradually becoming more integrated not
only on the production side (wood to pulp to paper), but also on the water side.
In order to reduce effluent volumes, water has to recirculate typically from the
paper mill to the pulp mill in addition to internal loops in both parts of a mill. Such
integration implies that the concept of BAT must be related not only to separate
processes, systems or lines, but to the whole integrated units.
At the same time, a certain product may be manufactured through various
different processes and systems and it may be equally relevant to compare such
different options, although based on quite different processes, when considering
BAT. For instance, newsprint may be manufactured from several different pulp
sources such as stone groundwood (SGW), pressurised groundwood (PGW), ther-
momechanical pulp (TMP), refiner mechanical pulp (RMP), chemithermomechan-
ical pulp (CTMP), sulphite pulp (Si), bleached softwood kraft pulp (BSKP), and/or
deinked pulp (DIP). Different furnishes will of course give rise to different emis-
sions.
Figure 3/1. The Flex Hierarchy.
Chemicals
Energy
Solid waste
Water consumption
Emissions to air, water
Increasing flex
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The present report presents BAT for nine main classes of mills and 33 differ-
ent mill types. Each of these classes is described, and the BAT techniques are in-
troduced for all mill types with respect to the following parameters:
• water consumption,
• emissions to air,
• effluent discharges,
• solid waste amounts to be disposed of,
• energy demands,
• chemical usage
With this integrated approach, it is evident that BAT levels with respect to the
above parameters can be achieved in different ways, i.e. there are several options
to apply for one mill class. Thus, the report also presents such alternative produc-
tion systems.
3.2 Mill Categories
The classification of mills into mill categories was made in three steps: first a clas-
sification based on a mathematical analysis of all the European pulp and paper
mills was made with the aid of the data banks of Jaakko Pöyry Consulting. Then a
look at other, existing classifications was taken, followed by further refinement by
industry experts. This resulted in the list shown below of main classes of mills and
Figure 3/2. Mill Classification Tree.
1 NON -INTEGRATED
PULP MILLS
2  RCF BASED
(>50%) PAPER AND
BOARD MILLS
3  INTEGRATED
BLEACHED KRAFT PULP
BASED (>50%) PAPER
AND BOARD MILLS
4  INTEGRATED
UNBLEACHED KRAFT
PULP BASED PAPER
AND BOARD MILLS
4.1 High Yield
Softwood Kraft Pulp
and Kraftliner Mills
4.2 Low Yield
Softwood Kraft Pulp
and Sackpaper Mills
5  INTEGRATED
SULPHITE PULP
BASED (>50%) PAPER
AND BOARD MILLS
6 NON -INTEGRATED
FINE PAPER MILLS
7  INTEGRATED
WOOD CONTAINING
PAPER AND BOARD
MILLS
8  TISSUE
MILLS
9  SPECIALTY
PULP AND
PAPER MILLS
EU
RO
PE
AN
M
IL
LS
1.1 DIP Mills 1.2 BleachedKraft Pulp Mills
1.3 Dissolving
Kraft Pulp Mills
1.4 Bleached
Sulphite Pulp
Mills
1.5 Dissolving
Sulphite Pulp
Mills
1.6 Mechanical
Pulp Mills
2.1 Liner/ Testliner
/Fluting
Mills
2.2 Newsprint and
Improved
Newsprint Mills
2.3 Printing and
Writing Paper
Mills
2.4 Cartonboard
Mills
3.1 Uncoated
Fine Paper Mills
3.2 Coated Fine
Paper Mills
3.3 Liquid
Packaging Board
Mills
3.4 Solid Paper
Board Mills
5.1 Uncoated
Fine Paper Mills
5.2 Coated Fine
Paper Mills
5.3  Neutral Sulphite
Semi -Chemical Pulp
and Liner/Fluting Mills
6.1 Uncoated
Wood Fr ee Paper
Mills
6.2 Coated W ood
Free Paper Mills
7.1 Newsprint
Mills 7.2 LWC Mills 7.3 SC Mills
7.4 Cartonboard
Mills
8.1 T issue Mill
Integrated with a
DIP Plant
8.2 W ood
Containing Tissue
8.3 T issue Mill Based
on Pur chased Bleached
Chemical Pulp
9.1 Integrated and
Non-Integrated
Security Paper Mills
9.2 Speciality Papers
Based on Bleached
Chemical Pulp
9.3 Speciality
Papers Based on
Mechanical Pulp
9.4 Absorbent
Paper and Board
Mills
9.5 Integrated
Non-Wood Pulp
and Paper Mills
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types of individual mills. All these example mill cases have been analysed and BAT
techniques are presented for all basic types of mills, covering most of pulp and
paper mill types in Europe. Figure 3/2 shows the proposed classification in a tree-
shape (“9-33” is the name for this classification, referring to 9 primary and 33 sec-
ondary classes).
Below, the classification shown in Figure 3/2 is given as a straight list.
1 Non-integrated pulp mills
1.1 DIP Mills
1.2 Bleached Kraft Pulp Mills
1.3 Dissolving Kraft Pulp Mills
1.4 Bleached Sulphite Pulp Mills
1.5 Dissolving Sulphite Pulp Mills
1.6 Mechanical Pulp Mills
2 RCF based (>50%) paper and board mills
2.1 Liner/Testliner/Fluting Mills
2.2 Newsprint and Improved Newsprint Mills
2.3 Printing and Writing Paper Mills
2.4 Cartonboard Mills
3 Integrated bleached kraft pulp based (>50%) paper and board mills
3.1 Uncoated Fine Paper Mills
3.2 Coated Fine Paper Mills
3.3 Liquid Packaging Board Mills
3.4 Solid Paper Board Mills
4 Integrated unbleached kraft pulp based paper and board mills
4.1 High Yield Softwood Kraft Pulp and Kraftliner Mills
4.2 Low Yield Softwood Kraft Pulp and Sackpaper Mills
5 Integrated sulphite pulp based (>50%) paper and board mills
5.1 Uncoated Fine Paper Mills
5.2 Coated Fine Paper Mills
5.3 Neutral Sulphite Semi-Chemical Pulp and Liner/Fluting Mills
6 Non-integrated fine paper mills
6.1 Uncoated Wood Free Paper Mills
6.2 Coated Wood Free Paper Mills
7 Integrated wood containing paper and board mills
7.1 Newsprint Mills
7.2 LWC Mills
7.3 SC Mills
7.4 Cartonboard Mills
8 Tissue mills
8.1 Tissue Mill Integrated with a DIP Plant
8.2 Wood Containing Tissue
8.3 Tissue Mill Based on Purchased Bleached Chemical Pulp
9 Specialty pulp and paper mills
9.1 Integrated and Non-Integrated Security Paper Mills
9.2 Speciality Papers Based on Bleached Chemical Pulp
9.3 Speciality Papers Based on Mechanical Pulp
9.4 Absorbent Paper and Board Mills
9.5 Integrated Non-Wood Pulp and Paper Mills
To illustrate the classification system, the pulp, paper and board mills situated in
Finland have been placed into the scheme. Fig. 3/3 below enumerates for each class
and subclass the mills by name. The emphasis on classes 1 and 7 (and their sub-
classes 1.2, 7.1, 7.3, 7.4 and especially 7.2) is noticeable.
○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○14 The Finnish Environment 425
To complete the picture, a series of tables with discharge figures for the same Finn-
ish mills is given.
Figure 3/3. Classification Tree of Finnish Mills.
European
Mills
9. SPECIALTY PULP
AND PAPER MILLS
8. TISSUE MILLS
7. INTEGRATED
WOOD CONTAINING
PAPER AND BOARD MILLS
6. NON-INTEGRATED
FINE PAPER MILLS
5. INTEGRATED SULPHITE PULP
BASED (> 50%) PAPER AND
BOARD MILLS
4. INTEGRATED
UNBLEACHED KRAFT
PULP BASED PAPER AND
BOARD MILLS
3. INTEGRATED
BLEACHED KRAFT PULP BASED
(> 50%) PAPER
AND BOARD MILLS
2. RCF BASED
(> 50%) PAPER
AND BOARD MILLS
1. NON-INTEGRATED
PULP MILLS
9.5 Integrated Non-Wood Pulp And Paper Mills
9.4 Absorbent Paper and Board Mills
9.3 Speciality Papers Based on Mechanical Pulp
9.2 Speciality Papers Based on Bleached Chemical Pulp
9.1 Integrated and Non-integrated Security Paper Mills
8.3 Tissue Mill Based on Purchased Bleached Chemical Pulp
8.2 Wood Containing Tissue
8.1 Tissue Mill Integrated with a DIP Plant
7.4 Cartonboard Mills
7.3 SC Mills
7.2 LWC Mills
7.1 Newsprint Mills
6.2 Coated Wood Free Paper Mills
6.1 Uncoated Wood Free Paper Mills
5.3 Neutral Sulphite Semi-Chemical Pulp and Liner/Fluting Mills
5.2 Coated Fine Paper Mills
5.1 Uncoated Fine Paper Mills
4.2 Low Yield Softwood Kraft Pulp and Sackpaper Mills
4.1 High Yield Softwood Kraft Pulp Mills and Sackpaper Mills
3.4 Solid Paper Mills
3.3 Liquid Packaging Boar Mills
3.2 Coated Fine Paper Mills
3.1 Uncoated Fine Paper Mills
2.4 Cartonboard Mills
2.3 Printing and Writing Paper Mills
2.2 Newsprint and Improved Newsprint Mills
2.1 Liner/Testliner/Fluting Mills
1.6 Mechanical Pulp Mills
1.5 Dissolving Sulphite Pulp Mills
1.4 Bleached Sulphite Pulp Mills
1.3 Dissolving Kraft Pulp Mills
1.2 Bleached Kraft Pulp Mills
1.1 DIP Mills
MS Kyro
Enso Tervakoski
UPM-K Lohjan Paperi
UPM-K Tervasaari
Fort James Suomi
MS Mänttä
Enso Anjalankoski
Enso Pankakoski
MS Kyro
MS Tako
MS Simpele
Enso Anjalankoski
Myllykoski
UPM-K Jämsänkoski
UPM-K Rauma
Enso Anjalankoski
UPM-K Kaipola
MS Kirkniemi
Myllykoski
UPM-K Kaukas
UPM-K Rauma
UPM-K Voikkaa
Enso Summa
Enso Varkaus
Enso Anjalankoski
UPM-K Kaipola
UPM-K Kajaani
Ahlström Kauttua
Enso Oulu
MS Kangas
MS Äänekoski
MS Savon sellu
Enso Heinola
Enso Kotka
Enso Imatra
MB Kemi
Enso Imatra
Enso Imatra
Enso Imatra
Enso Veitsiluoto
UPM-K Kymi
Ahlström Karhula
Corenso Pori
MS Lielahti (CTMP) Enso Enocell
Enso Kemijärvi
Enso Oulu
MB Äänekoski
Metsä-Rauma
MB Kaskinen
Sunila
Joutseno
UPM-K Wisaforest
Keräyskuitu Oy
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Table 3-1. Emissions from Finnish mills 1996-1997 (source: Finnish Environment Institute).
1. Non-integrated pulp mills.
PROCESS (chemical pulp)       POWER (incl bark boiler)
MILL Category BOD7 CODCr TSS AOX Total P Total N Flow TSP SO2 TRS NOx TSP SO2 NOx
kg/ADt kg/ADt kg/ADt kg/ADt kg/ADt kg/ADt m3/ADt kg/ADt kgS/ADt kgS/ADt kg/ADt kg/ADt kgS/ADt kg/ADt
Keräyskuitu Oy  1.1 4.0 9 2.6 0.001 0.011
ENSO Enocell  1.2 0.2 12 0.3 0.14 0.004 0.08 39 0.31 0.07 0.14 1.5 0.07 0.03 0.31
ENSO Kemijärvi  1.2 7.1 51 2.2 0.07 0.054 0.56 112 1.58 0.02 2.29 1.7 0.50 0.01 0.30
ENSO Oulu  1.2/6.1 1.3 28 2.0 0.32 0.033 0.24 71 0.35 0.09 0.30 1.1
MB Äänekoski  1.2 0.6 24 1.9 0.38 0.012 0.17 32 1.07 0.44 0.10 1.8
Metsä-Rauma  1.2 0.4 4 0.7 0.00 0.015 0.14 15 0.34 0.53 0.13 1.9
MB Kaskinen  1.2 0.3 14 1.0 0.07 0.020 0.15 49 1.00 0.36 0.15 1.4 0.15 0.60
Sunila  1.2 1.4 22 2.1 0.24 0.026 0.21 134 0.58 0.46 0.34 1.3 0.02 0.13 0.40
UPM Joutseno  1.2 1.0 42 1.1 0.27 0.039 0.25 80 2.36 0.02 0.73 1.2 0.26
UPM Wisaforest  1.2 2.2 43 1.3 0.27 0.024 0.35 66 0.83 0.16 0.20 1.6 0.17 0.19 0.76
M-S Lielahti (CTMP) 1.6.3 1.1 15 1.6 0.025 0.31 23
2. RCF based (>50%) paper and board mills.
PROCESS (chemical pulp) POWER (incl bark boiler)
MILL Category BOD7 CODCr TSS AOX Total P Total N Flow TSP SO2 TRS NOx TSP SO2 NOx
kg/ADt kg/ADt kg/ADt kg/ADt kg/ADt kg/ADt m3/ADt kg/ADt kgS/ADt kgS/ADt kg/ADt kg/ADt kgS/ADt kg/ADt
Ahlström Karhula  2.4 7.7 11.8 1.8 0.014 0.056 13 0.31
Corenso Pori  2.4 2.2 4.1 2.3 0.003 0.039 13 0.02 0.04
3. Integrated bleached kraft pulp based (>50%) paper and board mills.
PROCESS (chemical pulp) POWER (incl bark boiler)
MILL Category BOD7 CODCr TSS AOX Total P Total N Flow TSP SO2 TRS NOx TSP SO2 NOx
kg/ADt kg/ADt kg/ADt kg/ADt kg/ADt kg/ADt m3/ADt kg/ADt kgS/ADt kgS/ADt kg/ADt kg/ADt kgS/ADt kg/ADt
ENSO Imatra 3.1 - 3.4 3.2 32 3.85 0.24 0.03 0.29 106 0.37 0.58 0.61 1.60 0.01 0.02 1.00
ENSO Veitsiluoto  3.1 4.0 26 4.54 0.07 0.02 0.21 53 0.14 0.02 0.46 0.64 0.05 0.97 0.66
UPM Kymi  3.1 2.7 23 1.08 0.22 0.02 0.19 63 0.21 0.05 0.02 1.12 0.09 0.18 0.73
MB Kemi  3.4 1.37 34 3.01 0.11 0.03 0.54 52 0.22 0.06 0.17 1.73 0.48 1.02 0.93
4. Integrated unbleached kraft pulp based paper and board mills.
PROCESS (chemical pulp) POWER (incl bark boiler)
MILL Category BOD7 CODCr TSS AOX Total P Total N Flow TSP SO2 TRS NOx TSP SO2 NOx
kg/ADt kg/ADt kg/ADt kg/ADt kg/ADt kg/ADt m3/ADt kg/ADt kgS/ADt kgS/ADt kg/ADt kg/ADt kgS/ADt kg/ADt
ENSO Kotka 3.2 13 1.13 0.032 0.22 44 0.03 0.56 0.09 0.43 0.61
5. Integrated sulphite based (>50%) paper and board mills.
PROCESS (chemical pulp) POWER (incl bark boiler)
MILL Category BOD7 CODCr TSS AOX Total P Total N Flow TSP SO2 TRS NOx TSP SO2 NOx
kg/ADt kg/ADt kg/ADt kg/ADt kg/ADt kg/ADt m3/ADt kg/ADt kgS/ADt kgS/ADt kg/ADt kg/ADt kgS/ADt kg/ADt
M-S Savon sellu  5.3 0.84 6.4 0.53 0.01 0.08 32 1.64 0.10 0.41 0.16 1.20
ENSO Heinola  5.3 1.05 5.3 1.79 0.03 0.24 20 0.20 1.24 0.24 0.24 1.53 2.33 1.85
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6. Non-integrated fine paper mills.
PROCESS (chemical pulp)  POWER (incl bark boiler)
MILL Category BOD7 CODCr TSS AOX Total P Total N Flow TSP SO2 TRS NOx TSP SO2 NOx
kg/ADt kg/ADt kg/ADt kg/ADt kg/ADt kg/ADt m3/ADt kg/ADt kgS/ADt kgS/ADt kg/ADt kg/ADt kgS/ADt kg/ADt
Ahlström Kauttua  6.1 1.11 3.6 0.52 0.003 0.08 41
ENSO Oulu  6.1/1.2 1.19 3.0 0.52 0.003 0.04 13 0.08 0.48 0.99
M-S Kangas  6.1 0.66 1.3 0.10 0.003 0.01 7
M-S Äänekoski  6.2 2.15 5.6 1.47 0.003 0.05 29
7. Integrated wood containing paper and board mills.
PROCESS (chemical pulp) POWER (incl bark boiler)
MILL Category BOD7 CODCr TSS AOX Total P Total N Flow TSP SO2 TRS NOx TSP SO2 NOx
kg/ADt kg/ADt kg/ADt kg/ADt kg/ADt kg/ADt m3/ADt kg/ADt kgS/ADt kgS/ADt kg/ADt kg/ADt kgS/ADt kg/ADt
ENSO Summa  7.1 0.21 1.8 0.26 0.007 0.07 24 0.03 0.22 0.61
ENSO Varkaus  7.1/ 1.94 12.2 0.48 0.05 0.024 0.18 31 0.27 0.14 0.07 0.53 0.05 0.14 0.69
UPM Kaipola  7.1/7.2 0.10 2.8 0.34 0.005 0.07 19 0.03 0.29 0.73
UPM Kajaani  7.1 0.43 6.0 0.95 0.010 0.10 27 0.06 0.05 0.12
M-S Kirkniemi  7.2 0.15 2.0 0.52 0.003 0.04 11 0.15 1.30 1.99
ENSO Anjalank. 7.1 - 7.4 0.97 5.9 1.83 0.014 0.18 18 0.08 0.53 1.01
Myllykoski  7.2 - 7.3 0.32 3.4 0.53 0.011 0.06 19 0.31 1.00 1.13
UPM Kaukas  7.2 0.93 20.0 2.66 0.11 0.006 0.16 38 0.07 0.07 0.21 0.53 0.05 0.22 1.78
UPM Rauma  7.2 - 7.3 0.26 7.1 2.14 0.007 0.09 33 0.07 0.14 0.46
UPM Voikkaa  7.2 0.12 0.7 0.17 0.000 0.01 18 0.01 0.01 0.46
UPM Jämsänkoski  7.3 0.06 2.4 0.47 0.006 0.09 15 0.05 0.41 1.11
ENSO Pankakoski  7.4 6.75 13.7 1.16 0.004 0.05 32 0.09 1.54 1.43
M-S Kyro  7.4/9.3 0.46 3.4 1.45 0.008 0.15 21
M-S Tako  7.4 2.07 1.2 0.59 0.001 0.04 18 0.03 0.03 1.34
M-S Simpele  7.4 0.17 2.3 0.34 0.012 0.10 22 0.11 1.43 2.29
8. Tissue mills.
PROCESS (chemical pulp) POWER (incl bark boiler)
MILL Category BOD7 CODCr TSS AOX Total P Total N Flow TSP SO2 TRS NOx TSP SO2 NOx
kg/ADt kg/ADt kg/ADt kg/ADt kg/ADt kg/ADt m3/ADt kg/ADt kgS/ADt kgS/ADt kg/ADt kg/ADt kgS/ADt kg/ADt
Fort James Suomi  8.1 0.65 4.9 0.90 0.010 0.16 98
Metsä-Serla Mänttä 8.1 0.65 5.0 1.08 0.023 0.18 68
9. Specialty papers.
PROCESS (chemical pulp) POWER (incl bark boiler)
MILL Category BOD7 CODCr TSS AOX Total P Total N Flow TSP SO2 TRS NOx TSP SO2 NOx
kg/ADt kg/ADt kg/ADt kg/ADt kg/ADt kg/ADt m3/ADt kg/ADt kgS/ADt kgS/ADt kg/ADt kg/ADt kgS/ADt kg/ADt
ENSO Tervakoski  9.2 0.74 4.7 1.41 0.006 0.009 0.08 69 0.00 0.00 0.92
UPM Lohjan paperi 9.2 1.69 6.3 1.80 0.003 0.22 61 3.84 11.50 18.51
UPM Tervasaari  9.2 1.54 12.9 1.41 0.019 0.21 44 3.20 0.13 0.35 1.12 0.14 0.13 1.89
17The Finnish Environment 425 ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○
Figure 3/4 serves to illustrate relationship between the amount of mills and
capacities on a European level for this classification.
Figure 3/5, again, gives a zoomed view, where the capacities for the main
classes and subclasses are shown.
Figure 3/4. Capacities vs. Amount of Mills for Proposed Classification.
Figure 3/5. Capacities: Zooming in from Primary to Secondary Classes.
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3.3 Principles Used in the Assessment of BAT Levels
3.3.1 Parameters chosen
The BAT techniques are presented considering the following parameters, which
indicate the environmental performance of the mill in a comprehensive manner:
• water consumption,
• emissions to air,
• effluent discharges,
• solid waste amounts,
• energy demand,
• chemical usage.
Data are normally expressed in specific terms. For pulp implies per ton of pulp,
where the air-dry measure is used (per ADt). This refers to pulp at 90 % dryness
and 900 kg of bone dry pulp = 1 ADt. For paper, the basis is the finished paper at
the dryness that results, typically 94–96 % dryness. In tables etc. the specific data
are given per air dry ton (e.g. kg/ADt) or finished ton (not bone dry ton). In inte-
grated mills the emissions are expressed as per ton of finished paper.
Emissions to air are expressed in terms of
• sulphur dioxide, SO2
• nitrogen oxides, NOx
• total solid particulates, TSP
• total reduced sulphur, TRS.
The specific gaseous emissions given in chapter four correspond to annual aver-
age emissions.
The effluent discharges are expresses in terms of
• total suspended solids, TSS (SCAN-test W 6:71)
• chemical oxygen demand, COD (SFS-test 3020)
• adsorbable halogenated (or chlorinated) organic compounds, AOX (SCAN-
test W 9:89)
• biological oxygen demand, BOD5 (test ISO/DIS 5815)
• main nutrients phosphorus, P, and nitrogen, N (SCAN-test W 8:73, and mod-
ified SFS-test 5505 or ISO/DIS 11905-1)
The specific effluent discharges given in chapter four correspond to annual aver-
age values.
Energy usage is expressed as use of heat, which normally refers to steam, and
use of electric power. The heat consumption is expressed as GJ/ADt final product
and the power consumption as MWh/ADt final product.
It should be noted that the lack of harmonisation in the methods of analysis
used in Europe and the variations in the utilised process systems and fuels make
the direct comparison of the emission levels between countries difficult.
3.3.2 Basis of the BAT Techniques Presented
General
The BAT techniques presented in Chapter 4 are based on the state-of-the art proc-
ess and manufacturing conditions, in-plant and external environmental control
measures, and housekeeping practices, which can be achieved in a technological-
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ly and economically acceptable way in modern full scale mills currently in opera-
tion in Europe.
The ranges obtained with the detailed balance calculations have also been
verified by comparing them with data obtained from the real-world mills featur-
ing high environmental performance. The verification has been a co-operative
process carried out by Finnish authorities, industry representatives and consult-
ants.
This implies that the ranges given below are not achievable by all of the ex-
isting mills but mostly by new and recently upgraded older mills. Also in the high
environmental performance mills the utilised process systems and used fuels
cause variations in the amount of emissions and waste. Non-compliance mills,
which may not have had technological and/or financial resources to apply rapid-
ly developing environmental technologies and to achieve increasingly stringent
standards should be granted grace periods of at least several years to be able to
comply with the ranges. In such cases it should, however, be borne in mind that
since the BAT is a dynamic and continuously developing issue it may happen that
some of the older mills are never able to comply with the contemporary BAT lim-
its.
Emissions to Water
The liquid emissions are based on the combination of the use of the state-of-the-
art production machinery and equipment, as well as the best in-plant control tech-
nologies, and external effluent treatment systems, currently available and proven
in full scale mills. Examples of these measures have been presented separately for
all mill categories in BAT-trees in chapter four.
In non-integrated pulp mills the ranges of effluent loads have first been cal-
culated for the raw effluent taking into consideration the raw material, pulping
and bleaching processes, required product quality, and currently available in-plant
control measures. Only such technologies and control measures are included, that
have been proven in full scale and are currently economically acceptable. The fi-
nal effluent loads have then been calculated based on the use of modern primary
and secondary effluent treatment processes and their removal efficiencies for TSS,
BOD5, COD, and AOX. The effluent loads have been given as specific loads per
air dry tonne of pulp.
In integrated chemical pulp and paper mills the raw effluent loads have been
calculated based on the same principles as in case of the pulp mills. In addition
they are based on the normal ranges of fibre furnish and the share of other stock
components, their retention, and on liquid emissions from possible coating oper-
ations. Hence, the contribution of the pulp mill to the specific loads per tonne of
paper or board has also been taken into account.
In case a paper mill has been integrated with a mechanical pulp or a RCF/DIP
mill the raw effluent loads calculated for the end product include also the contri-
bution of the pulp plant in accordance with the fibre furnish. In most mill cases
producing wood containing grades the required chemical pulp is supposed to be
purchased pulp and the contribution of chemical pulp manufacturing to the ef-
fluent load has in those cases been taken as zero. The only exceptions from this
approach are the LWC and cartonboard mills, in which the chemical pulp manu-
facturing has also been included in effluent loads since many such mills are also
integrated with bleached chemical pulp mills.
In case of non-integrated fine paper and speciality paper mills the effluent
loads exclude the contribution of chemical pulp manufacturing.
In all paper mill cases the final effluent loads have been calculated for a state-
of-the-art external effluent treatment system comprising primary and secondary
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effluent treatment. The reduction efficiencies used are based on practical experi-
ences from the corresponding full scale effluent treatment plants.
The main control technologies considered in the BAT techniques are present-
ed as examples in Figures 4/1 through 4/9 below. The approach has also been ex-
plained in detail in Item 3.3.3.
Emissions to Air
The gaseous emission ranges are based on the typical energy balance ranges of
modern pulp and paper mills, use of the state-of-the-art production and boiler
plant technologies, as well as on the best gaseous emission control technologies
currently available and proven in full scale mills. Examples of these measures have
been presented separately for all mill categories in BAT-trees in chapter four.
In non-integrated pulp mills the gaseous emissions have been given for proc-
ess sources (spent liquor boilers, fibre line and lime kilns, and other recovery is-
land emissions), and for auxiliary boilers, in which other biofuels and/or fossil fu-
els are incinerated. All the emissions have been given as specific emissions per air
dry tonne of pulp.
In integrated mechanical pulp and paper mills the gaseous emissions have
been calculated both for the internal biofuels (bark, wood waste, sludges) and for
the fossil fuels required to balance the process heat demand. The emission ranges
given for fossil fuels include natural gas, fuel oil, coal, and peat. The auxiliary boiler
plants have been assumed to be integrated with a back-pressure T-G set, which
generates part of the process power. The balance power requirement has been
supposed to be purchased from outside. The gaseous emissions of the off-site
power generation have not been included in the emission data. In case of LWC and
cartonboard mills the process emissions of an on-site chemical pulp mill have also
been included in the paper mill emissions. Other integrated mechanical pulp and
paper mills have been assumed to purchase the chemical pulp they possibly need
from off-site mills.
In integrated wood free paper and board mills (incl. liquid packaging board)
the contribution of pulp manufacturing on gaseous emissions per tonne of paper
has been included in accordance with the actual fibre furnish. The emissions of the
auxiliary boiler have been calculated according to the same principles as in case
of integrated mechanical pulp and paper mills.
In case of non-integrated wood free paper mills the gaseous emissions in-
clude both internal biofuels (if any) and fossil fuels fired in the auxiliary boiler of
the mill to produce the required process heat. A back-pressure T-G set has also
been included. The balance power demand is supposed to be purchased from
outside. The emissions of the off-site power generation have not been included.
In all mill cases the gaseous emissions have been supposed to be cleaned with
modern gas cleaning equipment, including electrostatic precipitators, scrubbers,
and baghouses according to practical application needs. In case of malodorous
gases of pulp mills the assumed gas cleaning technology includes coolers, incin-
erators, and scrubbers as the need may arise.
The main gaseous emission control technologies have been presented as ex-
amples in Figures 4/1-4/9 below. The approach has also been explained more de-
tailed in Item 3.3.3.
Solid Wastes
The solid waste amounts presented in Chapter 4 for various mill classes refer to
the amounts of non-hazardous, primarily inorganic solid wastes which no longer
can be recycled or reused, but have to be disposed off to landfill. This implies that
all the organic wastes which have a reasonable positive lower heating value and
which can be incinerated without the risk of any hazardous emissions in the aux-
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iliary boiler of a mill are already excluded from the given solid waste amounts.
Hence, a substantial part of the solid waste comprises boiler ashes, recovery island
rejects (in pulp mills and integrated pulp and paper mills), and miscellaneous
cleaning and mixed household-type wastes. It should be noted that there is little
detailed and reliable information available on solid wastes. This is hinders the di-
vision of the solid waste category in to sub categories and limits on its part the
presentation of very narrow range of values
The waste amounts are all given as bone dry kilos per tonne of final product.
A small amount of hazardous waste is generated in all mill cases. Such waste
include oil and grease residues, used hydraulic and transformer oils, waste batter-
ies and other scrap electrical equipment, biocide and chemical residues, etc. Nor-
mally they amount to about 0.05-0.1 kg/t of product.
Energy Balances
The energy balances of all mill cases were discussed already in Item “Emissions to
Air“. Because information on energy balances of pulp and paper mills is poorly
available in public, the balances in this document are based on good process de-
sign corresponding to the ranges typical to modern, energy efficient mill. The
balances include both the main manufacturing processes and departments (wood-
handling, fibre lines, stock preparation, paper machines, recovery islands, finish-
ing etc.), as well as, all auxiliary energy consumers and producers including the
steam and power generation, water and effluent, heating, ventilation, recovera-
ble secondary heat, etc.
In integrated mills the balances have been constructed such that the energy
generation based on purchased fossil fuels is mitigated and the use of internal
fuels (waste liquors, bark, wood waste, and sludges) optimised.
The balances given in tables 4-1 through 4-36 have been constructed as fol-
lows:
• the first line refers to the net process heat consumption of the mill including
all auxiliary departments,
• the second line refers to the net power consumption of the mill
All heat and power data are given per tonne of final product.
The units are converted from kWh to GJ according to
• 1 kWh = 3,600 kJ = 3.6 MJ
• 1 MJ = 0.2778 kWh = 277.8 Wh
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3.3.3 The BATGrams and their Explanations
A BATGram is a diagram that encapsulates BAT performance, the distribution of
mills and examples of techniques to use in reaching BAT performance for a given
class of mill. Below, an example.
In the upper left corner, examples of techniques (grouped by area) that can be
combined to give BAT performance are given. Below, BAT values are denoted. To
the right, pie charts showing the amount of mills in the class described are given.
BAT  Value Matrix
BAT combinations
Paper mill
Paper/RCF mill
integration
RCF mill
Effluent treatment
White water treatment
Dewatering lock
Fibre recovery (disc filters)
Countercurrent system
White water clarification
Sludge handling systems
Clarification
Biological treatment
kg/tSO2
MJ/t
GJ/tTotal heat
consumptionEnergy
kg/tHazardous waste
DS/t of solid wasteSolid waste
kg/tBOD7
Solid
kg/tCOD
kg/tTSS
m3/tConsumption
Water
kg/tNO
kg/t0.1-0.4TSP
Air
UnitValue rangeSubstanceElement
0.1
0.1-0.5
10-20
1.2-1.9
1.6-2.6
0.15-0.25
120-180
0.01
5.3-8.6
790-1,200Power consumption
FIN RCP/DIP 3 (5 %)
FIN other 54 (95 %)
RCP/DIP mills
145 (13 %)
Other mills
1004 (87 %)
RCP/DIP CAP
13492 (12 %)
OTHER CAP
100116 (88 %)
Percentage of total fibre use Percentage of European mills
Percentage of European total
capacity (1000 of tons)
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3.3.4 Economic Impacts of the BAT Safeguards
The investment and operating costs of the environmental safeguards in pulp and
paper industry have grown steadily during the last 20–30 years. Currently, the BAT
environmental control technologies as defined below cause the highest environ-
mental cost levels, which still can be absorbed by the new and recently rebuild
industry without a substantial loss of profitability and competitiveness.
The environmental control costs can roughly be divided into four main cate-
gories:
• in-plant water pollution control measures
• external water pollution control measures (incl. sludge handling)
• air pollution control measures
• other environmental safeguards, including solid waste management, noise
abatement, mitigation of environmental risks and hazards, and environmen-
tal monitoring and management
In modern state-of-the-art kraft pulp mills in-plant control measures are extreme-
ly important in reducing the environmental emissions, as well as energy, raw
material, and water consumption and, hence, overall environmental control costs
of the mill. Examples of the in-plant water and air pollution control measures used
in the modern, BAT-level pulp industry are as follows:
• dry debarking of wood
• modified cooking either in batch or continuous system
• highly efficient brown stock washing and closed cycle brown stock screen-
ing
• oxygen delignification
• ECF or TCF final bleaching and extensive process water recycling in the
bleach plant
• purification and reuse of secondary condensates
• effective spill monitoring, containment, and recovery system
• overdimensioned black liquor evaporation plant and recovery boiler to cope
with the additional liquor and dry solids loads due to collection of spills, etc.
• collection and reuse of clean cooling waters
• collection and incineration of concentrated and dilute malodorous gases
from the fibre line and the recovery island and recovery of the resulting SO2
• control of SO2- and NOx-emissions from the recovery and power boilers by
using modern energy efficient process equipment, firing high dry solids con-
centration strong black liquor in the recovery boiler to mitigate SO2-emission
and by controlling the firing conditions in the power boiler to mitigate NOx-
emission. In normal operating conditions the most modern bleached kraft
pulp mills do not require any fossil fuels (except for the lime kiln)
• cleaning of the recovery and power boiler and lime kiln flue gases with effi-
cient electrostatic precipitators to mitigate TSP-emissions
• mitigation of the TRS emissions of the recovery boiler by using a low odour
type boiler and in case of the lime kiln by controlling the excess oxygen and
the residual soluble sodium in the lime mud fed to the kiln
• mitigation of solid wastes by incinerating all non-hazardous biofuels (bark,
wood waste, effluent sludge, etc.) in the power boiler, specially designed for
burning of moist, low calorific value fuels.
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In modern, state-of-the-art paper mills possibly integrated with recycled fibre or
mechanical pulp mills examples of in-plant control measures typical to BAT-level
mills are as follows:
• dry debarking of wood
• integration of the white water system of the RCF- or mechanical pulp plant
with that of the paper machine and by arranging a counter-current water
system from the paper mill to the integrated pulp plant. Internal white wa-
ter treatment systems to enhance reuse, could also be installed and the excess
white water is removed from the system from a dewatering stage between
the pulp plant and the paper machine stock preparation
• reduction of the fresh water consumption at the paper machine by:
– recirculation of white water to stock dilutions
– internal purification of white water for fibre recovery in a generously di-
mensioned fibre save-all system and reuse of the resulting clear/ultraclear
filtrates at machine showers instead of fresh water
– separation of clean cooling and vacuum pump sealing waters from the
process effluents and recycling them via cooling towers
• mitigation of accidental discharges of effluent and unnecessary inputs of
fresh water by:
– constructing sufficiently large and, by volume, balanced paper stock-,
broke- , clear filtrate, and white water storage tanks
– effective, real time control of storage volumes in the tanks with help of mill
wide process control systems
– generous dimensioning of the broke system
– minimisation of the number of fresh water intake points to the white wa-
ter system
• separate pretreatment of coating colour containing effluents in paper mills
producing coated grades
• use of the same kind of power boiler technology as in pulp mills for the in-
cineration of non-hazardous biofuels. This would minimise both gaseous
emissions and solid wastes from the mill
• recovery of secondary heat from the integrated mechanical pulp plants
(esp.TMP and CTMP plants) as low pressure steam to paper drying. In this
way the net process steam consumption of the paper machine can be mini-
mised
The state-of-the-art external water pollution control measures include both in pulp
and paper mills the use of primary and secondary (biological) treatment methods.
One of the most efficient biological treatment processes currently available to the
industry is the so-called extended aeration activated sludge process.
The state-of-the-art sludge handling systems include sludge thickeners and
dewatering machines of type double wire press or screw press.
Other environmental safeguards, like noise abatement and mitigation of en-
vironmental risks and hazards, etc. do not require major environmental invest-
ments, but rather add to the operation and maintenance costs of mills.
The range of environmental investments needed to install the BAT-level safe-
guards outlined above could currently be summarised as follows:
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Table 3-2. Current Range of BAT -Level Environmental Investments in Chemical Pulp Industry.
Pollution Control Area Share of Total Investments
% ECU a/ADt
In-Plant Control Measures (water) 2-3 20-35
Air Pollution Control Measures 3-4 25-50
External Water Pollution Control 4-5 40-60
Other Environmental Safeguards 1-2 10-15
Total Environmental Investments 10-14 100-160
The corresponding investment range for integrated/non-integrated paper and board mills is presented in Table 3-3.
Table 3-3. Current Range of BAT-Level Environmental Investments in Paper Industry.
Pollution Control Area Share of Total Investments
% ECU a/Ft
In-Plant Water Pollution Control 1-2 10-30
Air Pollution Control 0.5-2 10-30
External Water Pollution Control 2.5-4 30-55
Other Safeguards 1-2 10-30
Total Environmental Investments 5-10 60-145
The operating and maintenance costs of the BAT-level environmental safe-
guards include energy-, chemical-, labour, maintenance, and general environmen-
tal management costs. In BAT level chemical pulp mills the total O&M costs of
environmental protection measures may currently range from about 10 to 25 ECU/
ADt. These figures exclude the capital costs of the environmental investments. The
range corresponds to about 3-6 % of the current sales price of bleached chemical
pulp in Europe.
In paper and board mills the environmental operating and maintenance
costs, excluding capital costs, may range from less than 8 USD/Ft to about 20 USD/
Ft or even higher. Especially the disposal of solid waste from recycled fibre based
mills can be a great economic burden in Europe. The above O&M costs correspond
to about 1–4 % of the current sales prices of main paper and board grades in Eu-
rope.
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BAT techniques presented for the
mill categories
The BAT techniques introduced for various mill categories and cases listed in Item
3.2 above are presented in the following fact sheets.
Examples of the possible combinations of in-plant and external environmen-
tal mitigation measures have also been presented at the beginning of each main
category of mills (9 pcs.).
4.1 Non-integrated Pulp Mills
The non-integrated pulp mills refer to mills which produce various market pulp
grades for paper manufacturing. The following mill classes are included in this
category:
• Market DIP mills
• Bleached paper grade kraft pulp mills
• Prehydrolysis dissolving kraft pulp mills
• Bleached paper grade sulphite pulp mills
• Dissolving sulphite pulp mills
• Non-integrated mechanical pulp mills (SGW/PGW, TMP, and BCTMP).
○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○4
Figure 4/1. Examples of Possible BAT Control Measure Combinations in Non-integrated Kraft Pulp Mills.
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The total number of these mills in the EU is about 50 and their total production
capacity about 9.2 million t/a. About 23 % of the mills are market kraft pulp mills
featuring a total production capacity of about 7.6 million t/a. The rest of the total
production is distributed between 8 paper grade and dissolving sulphite mills
(about 0.8 million t/a), 4 DIP mills (about 0.4 million t/a) and 15 mechanical pulp
mills (about 0.4 million t/a).
An example of possible BAT measures and the BAT techniques of various
mills belonging to this category are presented in Figure 4/1 and Tables 4-1...4-8,
respectively.
Table 4-1. Non-Integrated Deinked Pulp Mills 1.1. (All values given per air dry tonne of pulp.)
Emissions to Water
BOD5 kg/ADt 0.3-0.5
COD kg/ADt 3.0-5.0
TSS kg/ADt 0.5-1.0
AOX kg/ADt < 0.05
Total P kg/ADt 0.007-0.02
Total N kg/ADt 0.1-0.2
Waste Water Amount m3/ADt 6-15
Emissions to Air
• From Own Biofuels and External Fuels
TSP kg/ADt 0.1-0.2
SO2 kgS/ADt 0.02-0.8
NO2 kg/ADt 0.8-1.3
Solid Waste
Non-Hazardous Waste to Landfill kg/ADt 50-120
Process Heat and Power
Process Heat Consumption (net) GJ/ADt 3.8-5.4
Power Consumption (net) MWh/ADt 0.3-0.5
Main Process Chemicals
NaOH kg/ADt 10-30
Na2SiO3 kg/ADt 20-50
H2O2 kg/ADt 10-15
H2SO4 kg/ADt 2-4
Dispersing Agent kg/ADt 2-3
Chelating Agent kg/ADt 1-2
Soap or Fatty Acid kg/ADt 5-15
– For general emission calculation principles, see Items 3.3.2 and 3.3.3
– Raw material mixed household waste, ONP/OMG, or sorted office waste
– Yield range 80–90% on waste
– H2O2 bleaching
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Table 4-2. Non-Integrated Bleached Kraft Pulp Mill 1.2. (All values given per air dry tonne of pulp.)
Emissions to Water
BOD5 kg/ADt 0.3-2.0
COD kg/ADt 12-30
TSS kg/ADt 0.6-3.0
AOX kg/ADt <0.05-0.4
Total P kg/ADt 0.01-0.05
Total N kg/ADt 0.10-0.35
Waste Water Amount m3/ADt 20-50
Emissions to Air
• From Process
TSP kg/ADt 0.3-1.2
SO2 kgS/ADt 0.3-0.8
NO2 kg/ADt 1.0-2.0
TRS kgS/ADt 0.1-0.3
• From Own Biofuels and External Fuels
TSP kg/ADt 0.2-0.4
SO2 kgS/ADt 0.2-0.8
NO2 kg/ADt 0.6-2.0
Solid Waste
Non-Hazardous Waste to Landfill kg/ADt 30-60
Process Heat and Power
Process Heat Consumption (net) GJ/ADt 14-17
Power Consumption (net) MWh/ADt 0.6-0.8
Main Process Chemicals
NaOH kg/ADt 20-50
ClO2 kgClO2/ADt 0-30
O2 kg/ADt 15-65
H2O2 kg/ADt 0-45
Chelating Agent kg/ADt 0-3
SO2 kg/ADt 2-3
H2SO4 kg/ADt 0-40
Cl2 kg/ADt 0
O3 kg/ADt 0-8
– For general emission calculation principles, see Items 3.3.2 and 3.3.3
– Raw material softwood or hardwood
– Extended delignification with or without oxygen chemicals
– ECF or TCF bleaching
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Table 4-3. Non-Integrated Dissolving Kraft Pulp Mill 1.3. (All values given per air dry tonne of pulp.)
Emissions to Water
BOD5 kg/ADt 0.5-3.0
COD kg/ADt 15-40
TSS kg/ADt 1.0-4.0
AOX kg/ADt 0.2-0.5
Total P kg/ADt 0.03-0.08
Total N kg/ADt 0.3-0.8
Waste Water Amount m3/ADt 25-75
Emissions to Air
• From Process
TSP kg/ADt 0.5-1.5
SO2 kgS/ADt 0.4-1.0
NO2 kg/ADt 1.3-2.5
TRS kgS/ADt 0.15-0.4
• From Own Biofuels and External Fuels
TSP kg/ADt 0.4-0.6
SO2 kgS/ADt 0.3-0.8
NO2 kg/ADt 0.8-2.5
Solid Waste
Non-Hazardous Waste kg/ADt 90-140
Process Heat and Power
Process Heat Consumption (net) GJ/ADt 18-21
Power Consumption (net) MWh/ADt 0.8-1.0
Main Process Chemicals
NaOH kg/ADt 25-50
ClO2 kgClO2/ADt 15-30
O2 kg/ADt 15-50
H2O2 kg/ADt 0-10
Chelating Agent kg/ADt 0-4
SO2 kg/ADt 2-4
H2SO4 kg/ADt 0-40
Cl2 kg/ADt 0
O3 kg/ADt 0-8
– For general emission calculation principles, see Items 3.3.2 and 3.3.3
– Wood raw material hardwood or softwood
– Very low unbleached Kappa
– ECF bleaching
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Table 4-4. Non-Integrated Bleached Sulphite Pulp Mills 1.4. (All values given per air dry tonne of pulp.)
Emissions to Water
BOD5 kg/ADt 1-4
COD kg/ADt 16-40
TSS kg/ADt 1.5-3.5
AOX kg/ADt <0.05-0.8
Total P kg/ADt 0.02-0.07
Total N kg/ADt 0.2-0.7
Waste Water Amount m3/ADt 40-70
Emissions to Air
• From Process
TSP kg/ADt 0.5-1
SO2 kgS/ADt 3-5
NO2 kg/ADt 1-1.5
• From Own Biofuels and External Fuels
TSP kg/ADt 0.4-0.6
SO2 kgS/ADt 0.05-2.5
NO2 kg/ADt 1.3-3.0
Solid Waste
Non-Hazardous Waste to Landfill kg/ADt 60-110
Process Heat and Power
Process Heat Consumption (net) GJ/ADt 16-18
Power Consumption (net) MWh/ADt 0.7-0.8
Main Process Chemicals
SO2 kg/ADt 10-25
NaOH kg/ADt 40-50
MgO kg/ADt 10-15
O2 kg/ADt 10-15
H2O2 kg/ADt 5-40
ClO2 kg/ADt 0-30
Chelating Agent kg/ADt 0-3
– For general emission calculation principles, see Items 3.3.2 and 3.3.3
– Wood raw material hardwood or softwood
– Extended delignification with oxygen chemicals in case of Na base
– TCF or ECF bleaching
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Table 4-5. Non-Integrated Dissolving Sulphite Pulp Mill 1.5. (All values given per air dry tonne of pulp.)
Emissions to Water
BOD5 kg/ADt 2.5-7.0
COD kg/ADt 25-40
TSS kg/ADt 2.0-5.0
Total P kg/ADt 0.05-0.1
Total N kg/ADt 0.5-1.0
AOX kg/ADt < 0.4
Waste Water Amount m3/ADt 60-100
Emissions to Air
• From Process
TSP kg/ADt 0.7-1.5
SO2 kgS/ADt 5-7
NO2 kg/ADt 1.3-2.0
• From Own Biofuels and External Fuels
TSP kg/ADt 0.50-0.55
SO2 kgS/ADt 0.056-0.06
NO2 kg/ADt 0.56-0.6
Solid Waste
Non-Hazardous Waste to Landfill kg/ADt 88-130
Process Heat and Power
Process Heat Consumption (net) GJ/ADt 20-23
Power Consumption (net) MWh/ADt 0.9-1.0
Main Process Chemicals
SO2 kg/ADt 20-30
NaOH kg/ADt 50-75
MgO kg/ADt 15-20
O2 kg/ADt 15-20
H2O2 kg/ADt 0-15
ClO2 kgClO2/Adt 15-30
Chelating Agent kg/ADt 0-3
– For general emission calculation principles, see Items 3.3.2 and 3.3.3
– Wood raw material hardwoord or softwood
– Very low unbleached Kappa before final bleaching
– Pressurised extraction stage
– ECF final bleaching
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Table 4-6. Non-Integrated Mechanical Pulp Mills (SGW) 1.6.1. (All values given per air dry tonne of pulp.)
Emissions to Water
BOD5 kg/ADt 0.3-0.5
COD kg/ADt 3-5
TSS kg/ADt 0.2-0.5
AOX kg/ADt -
Total P kg/ADt 0.004-0.01
Total N kg/ADt 0.04-0.1
Waste Water Amount m3/ADt 7-10
Emissions to Air
• From Own Biofuels and External Fuels
TSP kg/ADt 0.1-0.3
SO2 kgS/ADt 0.05-0.8
NO2 kg/ADt 0.5-0.9
Solid Waste
Non-Hazardous Waste to Landfill kg/ADt 20-50
Process Heat and Power
Process Heat Consumption (net) GJ/ADt 0.2-3.5
Power Consumption (net) MWh/ADt 2.0-2.5
Main Process Chemicals
Dithionite kg/ADt 5-15
H2O2 kg/ADt 5-15
Na2SiO3 kg/ADt 10-20
H2SO4 kg/ADt 1-2
Chelating Agent kg/ADt 2-3
– For general emission calculation principles, see Items 3.3.2 and 3.3.3
– Wood raw material spruce
– Grinding yield 97.0-97.5 %
– Dithionite or peroxide bleaching
– Range for emissions to air : Process heat generation based on 100 % biofuels or 100 % fossil fuel firing
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Table 4-7. Non-Integrated Mechanical Pulp Mills (TMP) 1.6.2. (All values given per air dry tonne of pulp.)
Emissions to Water
BOD5 kg/ADt 0.3-0.7
COD kg/ADt 3-7
TSS kg/ADt 0.2-0.5
AOX kg/ADt -
Total P kg/ADt 0.004-0.01
Total N kg/ADt 0.04-0.1
Waste Water Amount m3/ADt 7-10
Emissions to Air
• From Own Biofuels and External Fuels
TSP kg/ADt 0.2-0.3
SO2 kgS/ADt 0.02-0.03
NO2 kg/ADt 0.2-0.3
Solid Waste
Non-Hazardous Waste to Landfill kg/ADt 40-50
Process Heat and Power
Process Heat Consumption (net) GJ/ADt -
Power Consumption (net) MWh/ADt 2.5-3.0
Main Process Chemicals
Dithionite kg/ADt 0-15
H2O2 kg/ADt 0-40
Na2SiO3 kg/ADt 0-20
H2SO4 kg/ADt 1-2
Chelating Agent kg/ADt 2-3
– For general emission calculation principles, see Items 3.3.2 and 3.3.3
– Wood raw material softwood
– Refining yield 96-97 %
– Range for emissions to air: Process heat generation based on 100 % biofuels or 100 % fossil fuel firing
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Table 4-8. Non-Integrated Mechanical Pulp Mills (CTMP) 1.6.3. (All values given per air dry tonne of pulp.)
Emissions to Water
BOD5 kg/ADt 0.75-1.1
COD kg/ADt 8.0-20.0
TSS kg/ADt 0.2-2.0
AOX kg/ADt -
Total P kg/ADt 0.01-0.02
Total N kg/ADt 0.1-0.3
Waste Water Amount m3/ADt 8-20
Emissions to Air
• From Own Biofuels and External Fuels
TSP kg/ADt 0.15-0.17
SO2 kgS/ADt 0.1-0.5
NO2 kg/ADt 0.3-0.5
Solid Waste
Non-Hazardous Waste to Landfill kg/ADt 40-50
Process Heat and Power
Process Heat Consumption (net) GJ/ADt -
Power Consumption MWh/ADt 2.0-3.0
Main Process Chemicals
Dithionite kg/ADt 0-15
H2O2 kg/ADt 0-40
Na2SiO3 kg/ADt 0-20
H2SO4 kg/ADt 1-2
Chelating Agent kg/ADt 2-3
NaOH kg/ADt 50-150
SO2 kg/ADt 40-120
– For general emission calculation principles, see Items 3.3.2 and 3.3.3
– Wood raw material hardwood or softwood
– Alkaline or neutral Na-sulphite pretreatment
– Refining yield 94-95 %
– Range for emissions to air : Process heat generation based on 100 % biofuels or 100 % fossil fuel firing
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4.2 RCF-based Paper and Board Mills
The following mill classes belong to the category:
• Liner/testliner/fluting mills
• Newsprint and improved newsprint mills
• Printing and writing paper mills
• Cartonboard mills
The total number of these mills in the EU is about 100 featuring a total production
capacity of about 13.3 million t/a. There are about 25 newsprint mills (about 6.8
million t/a), 42 printing and writing paper mills (about 4.2 million t/a), about 11
liner/fluting mills (about 1.4 million t/a), and about 22 board mills (about 0.9 mil-
lion t/a).
An example of possible BAT measures and the BAT techniques of various
mills belonging to this category are presented in Figure 4/2 and Tables 4-9..4-12,
respectively.
Figure 4/2. Examples of Possible BAT Control Measure Combinations in RCF-based Pulp and Paper Mills.
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Table 4-9. Liner/Testliner/Fluting Mills (>50% RCF) 2.1. (All values given per air dry tonne of liner.)
Emissions to Water
BOD5 kg/ADt 0.3-0.5
COD kg/ADt 2.5-5.0
TSS kg/ADt 0.2-0.5
AOX kg/ADt -
Total P kg/ADt 0.002-0.01
Total N kg/ADt 0.02-0.1
Waste Water Amount m3/ADt 5-10
Emissions to Air
• From Own Biofuels and External Fuels
TSP kg/ADt 0.1-0.2
SO2 kgS/ADt 0.04-1.7
NO2 kg/ADt 0.7-2.0
Solid Waste
Non-Hazardous Waste to Landfill kg/ADt 40-140
Process Heat and Power
Process Heat Consumption (net) GJ/ADt 6.0-6.5
Power Consumption (net) MWh/ADt 0.7-0.8
Main Process Chemicals
Alum kg/ADt 8-20
Rosin kg/ADt 5-15
Starch kg/ADt 25-35
– For general emission calculation principles, see Items 3.3.2 and 3.3.3
– Raw material EOCC and minor amounts of unbleached kraft or NSSC
– EOCC yield 92-95 %
– Rosin and surface sizing
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Table 4-10. Integrated Newsprint and Improved Newsprint Mills (>50% RCF) 2.2. (All values given per air dry tonne of
paper.)
Emissions to Water
BOD5 kg/ADt 0.4-0.7
COD kg/ADt 3.5-6.0
TSS kg/ADt 0.3-0.7
AOX kg/ADt <0.005
Total P kg/ADt 0.01-0.02
Total N kg/ADt 0.04-0.20
Waste Water Amount m3/ADt 12-20
Emissions to Air
• From Own Biofuels and External Fuels
TSP kg/ADt 0.2-0.3
SO2 kgS/ADt 0.05-1.5
NO2 kg/ADt 1.5-3.0
Solid Waste
Non-Hazardous Waste to Landfill kg/ADt 60-150
Process Heat and Power
Process Heat Consumption (net) GJ/ADt 4.0-6.5
Power Consumption (net) MWh/ADt 1.0-1.5
Main Process Chemicals
NaOH kg/ADt 12-40
Na2SiO3 kg/ADt 15-50
H2O2 kg/ADt 0-20
H2SO4 kg/ADt 2-4
Dispersing Agent kg/ADt 2-3
Soap (fatty acid) kg/ADt 4-15
Dithionite kg/ADt 0-15
Bentonite kg/ADt 0-10
– For general emission calculation principles, see Items 3.3.2 and 3.3.3
– Raw material mixed household waste and ONP/OMG
– DIP yield 80-82 %
– Peroxide bleaching of DIP
– Share of CTMP, BCTMP, or TMP 0-30 % of fibre furnish
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Table 4-11. Printing and Writing Paper Mills (>50% RCF) 2.3. (All values given per air dry tonne of paper.)
Emissions to Water
BOD5 kg/ADt 0.3-0.6
COD kg/ADt 3.0-6.0
TSS kg/ADt 0.3-1.0
AOX kg/ADt < 0.005
Total P kg/ADt 0.01-0.02
Total N kg/ADt 0.04-0.20
Waste Water Amount m3/ADt 10-20
Emissions to Air
• From Own Biofuels and External Fuels
TSP kg/ADt 0.2-0.3
SO2 kgS/ADt 0.05-1.8
NO2 kg/ADt 1.0-2.5
Solid Waste
Non-Hazardous Waste to Landfill kg/ADt 110-180
Process Heat and Power
Process Heat Consumption (net) GJ/ADt 5.0-7.0
Power Consumption (net) MWh/ADt 0.9-1.0
Main Process Chemicals
NaOH kg/ADt 10-30
Na2SiO3 kg/ADt 12-30
H2O2 kg/ADt 6-9
H2SO4 kg/ADt 1-2
Dispersing Agent kg/ADt 1-2
Chelating Agent kg/ADt 0.5-1
Filler kg/ADt 50-100
Starch kg/ADt 20-40
– For general emission calculation principles, see Items 3.3.2 and 3.3.3
– Raw material ONP/OMG and sorted office waste, DIP yield 66-74 %
– Share of BKP or BSP about 20 %
– Peroxide bleaching of DIP
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Table 4-12. RCF Based Cartonboard Mill (>50% RCF) 2.4. (All values given per air dry tonne of board.)
Emissions to Water
BOD5 kg/ADt 0.3-0.7
COD kg/ADt 3-6
TSS kg/ADt 0.4-1.0
AOX kg/ADt < 0.005
Total P kg/ADt 0.01-0.02
Total N kg/ADt 0.04-0.13
Waste Water Amount m3/ADt 15-20
Emissions to Air
• From Own Biofuels and External Fuels
TSP kg/ADt 0.1-0.25
SO2 kgS/ADt 0.05-2.0
NO2 kg/ADt 0.9-2.5
Solid Waste
Non-Hazardous Waste to Landfill kg/ADt 30-130
Process Heat and Power
Process Heat Consumption (net) GJ/ADt 8.0-9.0
Power Consumption (net) MWh/ADt 0.9-1.0
Main Process Chemicals
NaOH kg/ADt 10-30
Na2 SiO3 kg/ADt 0-15
H2O2 kg/ADt 0-10
H2SO4 kg/ADt 0.5-1.0
Dispersing Agent kg/ADt 0.5-1.0
Chelating Agent kg/ADt 0.2-0.5
Filler kg/ADt 100-300
– For general emission calculation principles, see Items 3.3.2 and 3.3.3
– Raw materials ONP/OMG, sorted office waste (for DIP), and mixed waste
– BKP (10-15 %)
– Peroxide bleaching of DIP
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4.3 Integrated Bleached Kraft Pulp Based (>50%)
Paper and Board Mills
The following mill classes belong to this category:
• Uncoated fine paper mills
• Coated fine paper mills
• Liquid packaging board mills
• Solid paperboard mills
The total number of these mills in the EU is about 37 and their total production
capacity about 7.2 million t/a. About 15 of the mills produce uncoated and coated
woodfree grades (about 4.6 million t/a), about 4 mills liquid packaging boards
(about 1.4 million t/a), and the rest of 18 mills various paperboards (about 1.2 mil-
lion t/a).
An example of possible BAT measures and the BAT techniques of various
mills belonging to this category are presented in Figure 4/3 and Tables 4-13...4-16,
respectively.
Figure 4/3. Examples of Possible BAT Control Measure Combinations in Integrated Bleached Kraft Pulp-based Paper and
Board Mills.
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Table 4-13. Integrated Bleached Kraft Pulp and Uncoated Fine Paper Mill 3.1. (All values given per air dry tonne of paper.)
Emissions to Water
BOD5 kg/ADt 0.3-2.5
COD kg/ADt 12-30
TSS kg/ADt 0.6-3.5
AOX kg/ADt < 0.05-0.4
Total P kg/ADt 0.007-0.05
Total N kg/ADt 0.07-0.4
Waste Water Amount m3/ADt 25-50
Emissions to Air
• Process TSP kg/ADt 0.2-1.0
SO2 kgS/ADt 0.2-0.7
NO2 kg/ADt 0.7-1.7
TRS kgS/ADt 0.08-0.25
• From Own Biofuels and External Fuels
TSP kg/ADt 0.2-0.5
SO2 kgS/ADt 0.2-2.5
NO2 kg/ADt 1.0-3.7
Solid Waste
Non-Hazardous Waste to Landfill kg/ADt 65-110
Process Heat and Power
Process Heat Consumption (net) GJ/ADt 14-20
Power Consumption (net) MWh/ADt 1.2-1.5
Main Process Chemicals
NaOH kg/ADt 30-60
ClO2 kgClO2/ADt 0-25
O2 kg/ADt 10-55
H2O2 kg/ADt 0-40
Chelating Agent kg/ADt 0-2
SO2 kg/ADt 1-2
Fillers kg/ADt 100-150
H2O2 kg/ADt 0-35
Cl2 kg/ADt 0
Chelating Agent kg/ADt 0-7
– For general emission calculation principles, see Items 3.3.2 and 3.3.3
– For pulp mill emissions, see Item 4.1
– Fibre furnish 15-20 % BSK, 80-85 % BHK
– Filler 15-30 %
– Surface sized
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Table 4-14. Integrated Bleached Kraft Pulp and Coated Fine Paper Mill 3.2. (All values given per air dry tonne of paper.)
Emissions to Water
BOD5 kg/ADt 0.2-2.3
COD kg/ADt 8-25
TSS kg/ADt 1.0-2.5
AOX kg/ADt < 0.05-0.35
Total P kg/ADt 0.02-0.05
Total N kg/ADt 0.2-0.5
Waste Water Amount m3/ADt 25-45
Emissions to Air
• Process TSP kg/ADt 0.15-0.9
SO2 kgS/ADt 0.15-0.6
NO2 kg/ADt 0.5-1.5
TRS kgS/ADt 0.06-0.23
• From Own Biofuels and External Fuels
TSP kg/ADt 0.15-0.45
SO2 kgS/ADt 0.15-2.3
NO2 kg/ADt 0.70-3.3
Solid Waste
Non-Hazardous Waste to Landfill kg/ADt 70-140
Process Heat and Power
Process Heat Consumption (net) GJ/ADt 15-22
Power Consumption (net) MWh/ADt 1.4-1.7
Main Process Chemicals
NaOH kg/ADt 20-55
ClO2 kgClO2/ADt 0-23
O2 kg/ADt 10-50
H2O2 kg/ADt 0-35
Chelating Agent kg/ADt 0-2
SO2 kg/ADt 1-2
Fillers kg/ADt 220-550
H2O2 kg/ADt 0-30
Cl2 kg/ADt 0
Chelating Agent kg/ADt 0-6
– For general emission calculation principles, see Items 3.3.2 and 3.3.3
– For pulp mill emissions, see Item 4.1
– Fibre furnish 15-20 % BSK, 80-85 % BHK
– Filler 10-20 % (base paper)
– Coating colour 15-40 %
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Table 4-15. Liquid Packaging Board Mills (>50 % Kraft Pulp) 3.3. (All values given per air dry tonne of board.)
Emissions to Water
BOD5 kg/ADt 0.5-1.5
COD kg/ADt 5.0-25.0
TSS kg/ADt 1.0-2.5
Total P kg/ADt 0.01-0.035
Total N kg/ADt 0.1-0.4
AOX kg/ADt < 0.2
Waste Water Amount m3/ADt 20-40
Emissions to Air
• Pulp Mill TSP kg/ADt 0.2-0.7
SO2 kgS/ADt 0.15-0.5
NO2 kg/ADt 0.5-1.2
TRS kgS/ADt 0.06-0.2
• From Own Biofuels and External Fuels
TSP kg/ADt 0.2-0.5
SO2 kgS/ADt 0.1-1.7
NO2 kg/ADt 0.9-2.4
Solid Waste
Non-Hazardous Waste to Landfill kg/ADt 50-105
Process Heat and Power
Process Heat Consumption (net) GJ/ADt 11-15
Power Consumption (net) MWh/ADt 2.1-2.8
Main Process Chemicals
NaOH kg/ADt 30-100
Na2SiO3 kg/ADt 6-14
ClO2 kgClO2/ADt 0-20
O2 kg/ADt 5-30
H2O2 kg/ADt 0-40
Chelating Agent kg/ADt 0-3
SO2 kg/ADt 10-60
H2SO4 kg/ADt 0-20
– For general emission calculation principles, see Items 3.3.2 and 3.3.3
– For chemical pulp mill and CTMP emissions, see Item 4.1
– Fibre furnish UKP, SBKP, BKP 50-60 %, CTMP 40-50 %
– Coating/filler 5-10 %
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Table 4-16. Solid Paper Board Mills (>50 % Kraft Pulp) 3.4. (All values given per air dry tonne of board.)
Emissions to Water
BOD5 kg/ADt 0.2-2.0
COD kg/ADt 10-30
TSS kg/ADt 0.9-3.5
Total P kg/ADt 0.01-0.07
Total N kg/ADt 0.1-0.7
AOX kg/ADt < 0.4
Waste Water Amount m3/ADt 30-70
Emissions to Air
• Pulp Mill
TSP kg/ADt 0.2-1.2
SO2 kgS/ADt 0.25-0.7
NO2 kg/ADt 0.9-2.0
TRS kgS/ADt 0.09-0.3
• From Own Biofuels and External Fuels
TSP kg/ADt 0.3-0.5
SO2 kgS/ADt 0.25-2.1
NO2 kg/ADt 1.2-3.5
Solid Waste
Non-Hazardous Waste to Landfill kg/ADt 50-110
Process Heat and Power
Process Heat Consumption (net) GJ/ADt 17-22
Power Consumption (net) MWh/ADt 1.4-1.7
Main Process Chemicals
NaOH kg/ADt 40-70
ClO2 kgClO2/ADt 0-30
O2 kg/ADt 15-65
H2O2 kg/ADt 0-45
Chelating Agent kg/ADt 0-3
SO2 kg/ADt 2-3
– For general emission calculation principles, see Items 3.3.2 and 3.3.3
– For pulp mill emissions, see Item 4.1
– Fibre furnish 100 % BKP
– Filler 10-15 %
– Coating 0-10 %
– Surface sizing
45The Finnish Environment 425 ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○
4.4 Integrated Unbleached Kraft Pulp Based Paper
and Board Mills
The following mill classes belong to this category:
• Kraftliner mills
• Sack paper mills
The total number of such mills in the EU is about 35 and their total production
capacity about 5 million t/a. About 16 mills produce kraftliner, other liner/fluting
grades and unbleached board grades (about 3.5 million t/a), and about 19 mills sack
and other kraft paper grades (about 1.5 million t/a).
An example of possible BAT measures and the BAT techniques of various
mills belonging to this category are presented in Figure 4/4 and Tables 4-17...4-18,
respectively.
Figure 4/4. Examples of Possible BAT Control Measure Combinations in Integrated Unbleached Kraft Pulp-based Paper and
Board Mills.
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power boiler and lime kiln
Biofuel and sludge
burning in properly
designed auxiliary
boilers
Recovery and
recycling of
re-usable wastes
all over the mill
Removal of bottom
and fly ashes in dry
state, only moisturising
Recovery and
compacting of fibre
line rejects and
their incineration
in power boiler
Efficient spill control
containment and recovery
all over the mill
Pulp/ Paper Mill
Segregation of pulp and paper
mill waste systems with
effective dewatering
Recycling of the pulp dilution
water between the pulp and
paper mills
Paper Mill
Fibre recovery at the paper mill
Reuse of clear and ultra clear filtrate
at machine showers
Recycling of clear cooling and
vacuum pump sealing waters
Construction of a balanced white
water, clear filtrate and broke
storage system
Minimisation of fresh water intake
positions in the white water system
Cleaning of dust laden
ventilation air from the
finishing department
Mitigation of cleaner rejects
by appropriate recycling and
minimisation of cleaner purge
water
Low precoat green liquor
filtration
Mitigation of resulting SO2
emissions.
Emissions to water Emissions to air Waste
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Table 4-17. High-Yield SW Kraft Pulp and Kraftliner Mill 4.1. (All values given per air dry tonne of liner.)
Emissions to Water
BOD5 kg/ADt 0.3-0.5
COD kg/ADt 5.0-7.0
TSS kg/ADt 0.5-1.0
AOX kg/ADt <0.1
Total P kg/ADt 0.005-0.02
Total N kg/ADt 0.05-0.2
Waste Water Amount m3/ADt 6-15
Emissions to Air
• Pulp Mill
TSP kg/ADt 0.3-1.2
SO2 kgS/ADt 0.5-1.0
NO2 kg/ADt 1.0-2.0
TRS kgS/ADt 0.1-0.3
• From Own Biofuels External Fuels
TSP kg/ADt 1.0-1.5
SO2 kgS/ADt 0.15-0.5
NO2 kg/ADt 1.0-1.5
Solid Waste
Non-Hazardous Waste to Landfill kg/ADt 70-90
Process Heat and Power
Process Heat Consumption (net) GJ/ADt 14.0-17.5
Power Consumption (net) MWh/ADt 1.0-1.3
Main Process Chemicals
CaO kg/ADt 5-7
NaOH kg/ADt 15-25
H2SO4 kg/ADt 10-20
– For general emission calculation principles, see Items 3.3.2 and 3.3.3
– Wood raw material pine
– Cooking yield about 60 %, kappa about 90
– Effective separation (presses) of the water systems of the pulp mill and the liner machine from each other
– White lined liner bared on purchased bleached kraft pulp
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Table 4-18. Low-Yield SW Kraft Pulp and Sackpaper Mill 4.2. (All values given per air dry tonne of paper.)
Emissions to Water
BOD5 kg/ADt 0.5-1.5
COD kg/ADt 3.0-10
TSS kg/ADt 0.5-1.0
AOX kg/ADt <0.3
Total P kg/ADt 0.01-0.03
Total N kg/ADt 0.02-0.25
Waste Water Amount m3/ADt 10-30
Emissions to Air
• Pulp Mill
TSP kg/ADt 0.3-1.2
SO2 kgS/ADt 0.5-1.0
NO2 kg/ADt 1.0-2.0
TRS kgS/ADt 0.1-0.3
• From Own Biofuels and External Fuels
TSP kg/ADt 1.0-1.4
SO2 kgS/ADt 0.2-1.0
NO2 kg/ADt 1.0-3.5
Solid Waste
Non-Hazardous Waste to Landfill kg/ADt 80-120
Process Heat and Power
Process Heat Consumption (net) GJ/ADt 14.0-23
Power Consumption (net) MWh/ADt 1.0-1.5
Main Process Chemicals
CaO kg/ADt 6-8
NaOH kg/ADt 15-60
H2SO4 kg/ADt 10-45
ClO2 kg/ADt 0-30
O2 kg/ADt 5-65
SO2 kg/ADt 2-3
H2O2 kg/ADt 0-45
– For general emission calculation principles, see Items 3.3.2 and 3.3.3
– Wood raw material pine
– Cooking yield about 48 %, kappa about 40
– Effective separation (presses) of the water systems of the pulp mill and the paper machine from each other
– Includes both unbleached and bleached grades
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4.5 Integrated Sulphite Pulp Based (>50%) Paper and
Board Mills
The following mill classes based on integrated sulphite pulp manufacturing be-
long to this category:
• Uncoated fine paper mills
• Coated fine paper mills
• Newsprint/magazine paper mills
• NSSC-based liner/fluting mills
The total number of such mills in the EU is about 29 and their total production
capacity about 5 million t/a.
About 11 mills produce uncoated and coated printing and writing grades (to-
tal capacity about 2.7 million t/a), 2 mills newsprint and magazine paper (total ca-
pacity about 1 million t/a), about 8 mills various sulphite pulp-based paper and
board grades (total capacity about 0.2 million t/a), and 8 mills NSSC-based liner/
fluting (total capacity about 1.1 million t/a).
An example of possible BAT measures and the BAT techniques of various
mills belonging to this category are presented in Figure 4/5 and Tables 4-19...4-21,
respectively.
Figure 4/5. Examples of Possible BAT Control Measure Combinations in Integrated Sulphite
Pulp-based Paper and Board Mills.
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Biological treatment
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finishing department
Segregation of pulp and paper
mill waste systems with
effective dewatering
Recycling of the pulp dilution
water between the pulp and
paper mills
Pulp/Paper Mill
Fibre recovery at the paper mill
Reuse of clear and ultra clear filtrate
at machine showers
Recycling of clear cooling and
vacuum pump sealing waters
Construction of a balanced white
water, clear filtrate and broke
storage system
Minimisation of fresh water intake
positions in the white water system
Use of soluble base cooking liquor,
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Recovery and
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Recovery and
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re-usable wastes
all over the mill
Mitigation of cleaner
rejects
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cleaner purge
water
Emissions to water
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preparation
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Table 4-19. Integrated Uncoated Fine Paper Mill (>50% Sulphite) 5.1. (All values given per air dry tonne of paper.)
Emissions to Water
BOD5 kg/ADt 1.4-3.0
COD kg/ADt 15-30
TSS kg/ADt 1.5-4.0
AOX kg/ADt < 0.7
Total P kg/ADt 0.02-0.08
Total N kg/ADt 0.2-0.8
Waste Water Amount m3/ADt 30-80
Emissions to Air
• Pulp Mill
TSP kg/ADt 0.4-0.9
SO2 kgS/ADt 2.1-4.5
NO2 kg/ADt 0.7-1.2
• From Own Biofuels and External Fuels
TSP kg/ADt 0.5-0.8
SO2 kgS/ADt 0.1-5.0
NO2 kg/ADt 2.2-5.8
Solid Waste
Non-Hazardous Waste to Landfill kg/ADt 60-90
Process Heat and Power
Process Heat Consumption (net) GJ/ADt 18-24
Power Consumption MWh/ADt 1.2-1.5
Main Process Chemicals
SO2 kg/ADt 15-25
NaOH kg/ADt 20-70
MgO kg/ADt 0-20
O2 kg/ADt 0-25
H2O2 kg/ADt 0-35
ClO2 kg/ADt 0-35
Chelating Agent kg/ADt 0-2
Surface size kg/ADt 20-40
Filler kg/ADt 80-260
– For general emission calculation principles, see Items 3.3.2 and 3.3.3
– For emissions of sulphite pulp mills, see Item 4.1
– Fibre furnish 100 % BSP
– Fillers and surface size 10-30 %
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Table 4-20. Integrated Coated Fine Paper Mill (>50% Sulphite) 5.2. (All values given per air dry tonne of paper)
Emissions to Water
BOD5 kg/ADt 1.1-2.7
COD kg/ADt 12-27
TSS kg/ADt 1.2-4.0
AOX kg/ADt < 0.5
Total P kg/ADt 0.02-0.08
Total N kg/ADt 0.2-0.8
Waste Water Amount m3/ADt 40-80
Emissions to Air
• Pulp Mill
TSP kg/ADt 0.3-0.8
SO2 kgS/ADt 1.8-3.0
NO2 kg/ADt 0.6-1.2
• From Own Biofuels and External Fuels
TSP kg/ADt 0.3-0.7
SO2 kgS/ADt 0.08-4.6
NO2 kg/ADt 1.7-5.3
Solid Waste
Non-Hazardous Waste to Landfill kg/ADt 60-160
Process Heat and Power
Process Heat Consumption (net) GJ/ADt 17-23
Power Consumption (net) MWh/ADt 1.5-1.75
Main Process Chemicals
SO2 kg/ADt 10-20
NaOH kg/ADt 15-60
O2 kg/ADt 0-20
MgO kg/ADt 0-15
H2O2 kg/ADt 0-30
ClO2 kgClO2/Adt 0-30
Chelating Agent kg/ADt 0-2
Filler kg/ADt 100-150
Coating Colour kg/ADt 100-250
– For general emission calculation principles, see Items 3.3.2 and 3.3.3
– For emissions of sulphite pulp mills, see Item 4.1
– Fibre furnish 100 % BSP
– Fillers and coating colour 20-40 %
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Table 4-21. Neutral Sulphite Semi-Chemical Pulp and Liner/ Fluting Mill 5.3. (All values given per air dry tonne of liner/
fluting.)
Emissions to Water
BOD5 kg/ADt 0.9-1.3
COD kg/ADt 5.0-10.0
TSS kg/ADt 0.3-0.5
AOX kg/ADt -
Total P kg/ADt 0.003-0.01
Total N kg/ADt 0.03-0.1
Waste Water Amount m3/ADt 10-20
Emissions to Air
• Process
TSP kg/ADt 0.20-0.25
SO2 kgS/ADt 1.0-2.0
NO2 kg/ADt 0.5-1.5
• From Own Biofuels and External Fuels
TSP kg/ADt 0.3-0.4
SO2 kgS/ADt 0.06-1.8
NO2 kg/ADt 1.0-2.2
Solid Waste
Non-Hazardous Waste to Landfill kg/ADt 70-90
Process Heat and Power
Process Heat Consumption (net) GJ/ADt 10.0-12.0
Power Consumption (net) MWh/ADt 0.9-1.1
Main Process Chemicals
Na2SO3 kg/ADt 110-140
Na2CO3 kg/ADt 15-20
NH4OH kg/ADt 35-45
Alum kg/ADt 8-20
– For general emission calculation principles, see Items 3.3.2 and 3.3.3
– Wood raw material hardwood
– NSSC cooking yield 70-75 %
– Spent liquor recovery about 90 %
○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○52 The Finnish Environment 425
4.6 Non-integrated Fine Paper Mills
The following mill classes belong to this category:
• Uncoated fine paper mills
• Coated fine paper mills
The total number of such mills in the EU is about 158 and their total production
capacity about 9 million t/a. About 133 mills are producing uncoated woodfree
grades (total capacity about 4.6 million t/a) and about 56 mills coated woodfree
grades (total capacity about 4.4 million t/a). The overlapping mill numbers indi-
cate that quite many of them are producing both uncoated and coated grades.
An example of possible BAT measures and the BAT techniques of various
mills belonging to this category are presented in Figure 4/6 and Tables 4-2...4-23,
respectively.
Figure 4/6. Examples of Possible BAT Control Measure Combinations in Non-integrated Fine
Paper Mills.
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Table 4-22. Non-Integrated Uncoated Fine Paper Mill 6.1. (All values given per air dry tonne of paper.)
Emissions to Water
BOD5 kg/ADt 0.05-0.7
COD kg/ADt 0.5-3.0
TSS kg/ADt 0.3-0.8
AOX kg/ADt < 0.005
Total P kg/ADt 0.01-0.02
Total N kg/ADt 0.1-0.2
Waste Water Amount m3/ADt 10-15
Emissions to Air
• From and External Fuels
TSP kg/ADt 0.1-0.3
SO2 kgS/ADt 0.05-2.6
NO2 kg/ADt 0.9-3.0
Solid Waste
Non-Hazardous Waste to Landfill kg/ADt 40-100
Process Heat and Power
Process Heat Consumption (net) GJ/ADt 7.0-9.0
Power Consumption MWh/ADt 0.7-0.8
Main Process Chemicals
NaOH kg/ADt 5-15
Filler kg/ADt 100-300
Surface Size kg/ADt 0-50
– For general emission calculation principles, see Items 3.3.2 and 3.3.3
– Fibre furnish 100 % BKP
– Fillers and sizes 15-30 %
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Table 4-23. Non-Integrated Coated Fine Paper Mill 6.2. (All values given per air dry tonne of paper.)
Emissions to Water
BOD5 kg/ADt 0.05-0.5
COD kg/ADt 0.5-1.5
TSS kg/ADt 0.3-0.8
AOX kg/ADt < 0.005
Total P kg/ADt 0.003-0.01
Total N kg/ADt 0.03-0.1
Waste Water Amount m3/ADt 10-15
Emissions to Air
• From External Fuels
TSP kg/ADt 0.10-0.3
SO2 kgS/ADt 0.05-2.7
NO2 kg/ADt 1.0-3.0
Solid Waste
Non-Hazardous Waste to Landfill kg/ADt 50-110
Process Heat and Power
Process Heat Consumption (net) GJ/ADt 10.0-11.0
Power Consumption (net) MWh/ADt 1.1-1.3
Main Process Chemicals
NaOH kg/ADt 5-15
Filler and Coating Colour kg/ADt 200-400
– For general emission calculation principles, see Items 3.3.2 and 3.3.3
– Fibre furnish 100 % BKP
– Fillers and coating colour 20-40%
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Figure 4/7. Examples of Possible BAT Control Measure Combinations in Integrated Wood-
containing Paper and Board Mills.
4.7 Integrated Wood-containing Paper and Board Mills
The following mill classes belong to this category:
• Newsprint mills
• LWC mills
• SC mills
• Cartonboard mills
The total number of such mills in the EU is about 100 and their total production
capacity about 23 million t/a. About 26 mills are producing newsprint (total capac-
ity about 7.7 million t/a), about 57 mills coated and uncoated wood-containing
grades, mostly LWC and SC (total capacity about 5.1 million t/a (UWC) and about
8.5 million t/a (CWC)). About 20 mills are producing various cartonboard grades
(total capacity about 1.7 million t/a).
An example of possible BAT measures and the BAT techniques of various
mills belonging to this category are presented in Figure 4/7 and Tables 4-24...4-27,
respectively.
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Table 4-24. Integrated Newsprint Mill (> 50% mechanical pulp) 7.1. (All values given per air dry tonne of paper)
Emissions to Water
BOD5 kg/ADt 0.5-0.9
COD kg/ADt 4.0-7.0
TSS kg/ADt 0.4-1.2
AOX kg/ADt < 0.05
Total P kg/ADt 0.004-0.03
Total N kg/ADt 0.04-0.1
Waste Water Amount m3/ADt 12-20
Emissions to Air
• From Own Biofuels and External Fuels
TSP kg/ADt 0.15-0.30
SO2 kgS/ADt 0.03-1.0
NO2 kg/ADt 0.5-1.2
Solid Waste
Non-Hazardous Waste to Landfill kg/ADt 40-90
Process Heat and Power
Process Heat Consumption (net) GJ/ADt 0-4.0
Power Consumption (net) MWh/ADt 2.0-3.0
Main Process Chemicals
NaOH kg/ADt 8-23
Na2SiO3 kg/ADt 7-22
H2O2 kg/ADt 3-7
Chelating Agent kg/ADt 0.5-1
Bentonite kg/ADt 0-10
Dithionite kg/ADt 5-15
– For general emission calculation principles, see Items 3.3.2 and 3.3.3
– Fibre furnish 50-60 % TMP, 40-50 % DIP
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Table 4-25. Integrated LWC Mill (> 50% mechanical pulp) 7.2. (All values given per air dry tonne of paper.)
Emissions to Water
BOD5 kg/ADt 0.2-0.7
COD kg/ADt 2.0-10.0
TSS kg/ADt 0.4-2.0
AOX kg/ADt <0.005-0.1
Total P kg/ADt 0.004-0.02
Total N kg/ADt 0.04-0.2
Waste Water Amount m3/ADt 13-25
Emissions to Air
• Process
TSP kg/ADt 0-0.36
SO2 kgS/ADt 0-0.30
NOx kgNO2/ADt 0-0.6
TRS kgS/ADt 0-0.09
• From Own Biofuels and External Fuels
TSP kg/ADt 0.1-0.2
SO2 kgS/ADt 0.04-2.0
NO2 kg/ADt 1.0-2.2
Solid Waste
Non-Hazardous Waste to Landfill kg/ADt 50-100
Process Heat and Power
Process Heat Consumption (net) GJ/ADt 3.0-12.0
Power Consumption (net) MWh/ADt 1.7-2.6
Main Process Chemicals
NaOH kg/ADt 10-35
Na2SiO3 kg/ADt 3-6
H2O2 kg/ADt 2-12
H2SO4 kg/ADt 1.0-10
Chelating Agent kg/ADt 0.3-0.6
Filler and Coating Colour kg/ADt 250-400
Dithionite kg/ADt 0-10
ClO2 kg/ADt 0-9
SO2 kg/ADt 0-1
O2 kg/ADt 0-20
– For general emission calculation principles, see Items 3.3.2 and 3.3.3
– Fibre furnish 40-50 % BKP, 50-60 % PGW or TMP, BKP either integrated or non-integrated
– Filler and coating colour 30-40 %
– Pulp mill emissions included in accordance with fibre furnish in case of integrated pulp production
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Table 4-26. Integrated SC Mill (> 50% mechanical pulp) 7.3. (All values given per air dry tonne of paper.)
Emissions to Water
BOD5 kg/ADt 0.2-0.5
COD kg/ADt 2-5
TSS kg/ADt 0.4-0.9
AOX kg/ADt < 0.01
Total P kg/ADt 0.004-0.01
Total N kg/ADt 0.04-0.1
Waste Water Amount m3/ADt 13-20
Emissions to Air
• From Own Biofuels and External Fuels
TSP kg/ADt 0.04-0.2
SO2 kgS/ADt 0.04-1.0
NO2 kg/ADt 0.5-1.6
Solid Waste
Non-Hazardous Waste to Landfill kg/ADt 40-100
Process Heat and Power
Process Heat Consumption (net) GJ/ADt 1.0-6.0
Power Consumption (net) MWh/ADt 1.9-2.6
Main Process Chemicals
NaOH kg/ADt 10-20
Na2SiO3 kg/ADt 6-15
H2O2 kg/ADt 3-9
H2SO4 kg/ADt 1-2
Chelating Agent kg/ADt 0.6-1.2
Filler kg/ADt 200-450
Dithionite kg/ADt 5-15
– For general emission calculation principles, see Items 3.3.2 and 3.3.3
– Fibre furnish 10-20 % BKP, 80-90 % SGW or TMP
– Filler and sizes 20-45 %
– Purchased chemical pulp; pulp mill emissions excluded
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Table 4-27. Integrated Cartonboard Mill (> 50% mechanical pulp) 7.4. (All values given per air dry tonne of board.)
Emissions to Water
BOD5 kg/ADt 0.40-1.0
COD kg/ADt 3.0-8.0
TSS kg/ADt 0.5-1.5
AOX kg/ADt < 0.05
Total P kg/ADt 0.005-0.03
Total N kg/ADt 0.05-0.3
Waste Water Amount m3/ADt 20-30
Emissions to Air
• Process
TSP kg/ADt 0-0.30
SO2 kgS/ADt 0-0.25
NOx kgNO2/ADt 0-0.50
TRS kgS/ADt 0-0.08
• From Own Biofuels and External Fuels
TSP kg/ADt 0.15-0.35
SO2 kgS/ADt 0.03-1.4
NO2 kg/ADt 0.82-1.5
Solid Waste
Non-Hazardous Waste to Landfill kg/ADt 50-100
Process Heat and Power
Process Heat Consumption (net) GJ/ADt 3.5-13.0
Power Consumption (net) MWh/ADt 2.3-2.8
Main Process Chemicals
NaOH kg/ADt 10-20
Na2SiO3 kg/ADt 4-8
H2O2 kg/ADt 2-6
H2SO4 kg/ADt 1.-1.5
Chelating Agent kg/ADt 0.5-1
Filler and Coating Colour kg/ADt 100-250
Dithionite kg/ADt 5-10
– For general emission calculation principles, see Items 3.3.2 and 3.3.3
– Fibre furnish 25-30 % BKP, 70-75 % TMP
– Filler and coating colour 10-25 %
– Pulp mill emissions included in accordance with the fibre furnish in case of integrated pulp production
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4.8 Tissue Mills
The following mill classes belong to this category:
• Tissue mills integrated with DIP plants
• Wood-containing tissue mills
• Tissue mills based on purchased chemical pulp
The total number of such mills in the EU is about 195 and their total production
capacity about 5.4 million t/a. About 109 mills are non-integrated tissue producers
(total capacity about 3.1 million t/a), about 86 mills are integrated producers based
on mechanical pulps and waste paper/ DIP (total capacity about 2.3 million t/a).
An example of possible BAT measures and the BAT techniques of various
mills belonging to this category are presented in Figure 4/8 and Tables 4-28...4-30,
respectively.
Figure 4/8. Examples of Possible BAT Control Measure Combinations in Tissue Mills.
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Table 4-28. Tissue Mill Integrated with DIP Plant 8.1. (All values given per air dry tonne of paper.)
Emissions to Water
BOD5 kg/ADt 0.3-1.0
COD kg/ADt 2.4-7.0
TSS kg/ADt 0.5-1.5
AOX kg/ADt < 0.05
Total P kg/ADt 0.01-0.02
Total N kg/ADt 0.1-0.2
Waste Water Amount m3/ADt 15-25
Emissions to Air
• From Own Biofuels and External Fuels
TSP kg/ADt 0.2-0.5
SO2 kgS/ADt 0.06-2.0
NO2 kg/ADt 1.0-2.5
Solid Waste
Non-Hazardous Waste to Landfill kg/ADt 100-200
Process Heat and Power
Process Heat Consumption (net) GJ/ADt 10.5-12.0
Power Consumption (net) MWh/ADt 1.2-1.4
Main Process Chemicals
NaOH kg/ADt 10-25
Na2SiO3 kg/ADt 15-30
H2O2 kg/ADt 10-15
Chelating Agent kg/ADt 1-1.5
Soap (Fatty Acid) kg/ADt 4-10
H2SO4 kg/ADt 2-4
– For general emission calculation principles, see Items 3.3.2 and 3.3.3
– Fibre furnish 75-85 % DIP, 15-25 % purchased chemical pulp
– Waste paper 50 % OMG/ONP, 50 % office waste, yield 60-70 %
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Table 4-29. Wood Containing Tissue Mill 8.2. (All values given per air dry tonne of paper.)
Emissions to Water
BOD5 kg/ADt 0.3-0.8
COD kg/ADt 2.0-6.0
TSS kg/ADt 0.45-1.00
AOX kg/ADt < 0.005
Total P kg/ADt 0.005-0.01
Total N kg/ADt 0.05-0.1
Waste Water Amount m3/ADt 15-20
Emissions to Air
• From Own Biofuels and External Fuels
TSP kg/ADt 0.15-0.25
SO2 kgS/ADt 0.04-1.5
NO2 kg/ADt 0.6-1.8
Solid Waste
Non-Hazardous Waste to Landfill kg/ADt 20-70
Process Heat and Power
Process Heat Consumption (net) GJ/ADt 4.0-5.0
Power Consumption (net) MWh/ADt 2.0-3.0
Main Process Chemicals
Dithionite kg/ADt 3-9
Na2SiO3 kg/ADt 5-12
H2SO4 kg/ADt 0.5-1
H2O2 kg/ADt 3-9
Chelating Agent kg/ADt 1-2
– For general emission calculation principles, see Items 3.3.2 and 3.3.3
– Fibre furnish 50-60 % bleached mechanical pulp, 40-50 % purchased chemical pulp
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Table 4-30. Tissue Mill Based on Purchased Chemical Pulp 8.3. (All values given per air dry tonne of paper.)
Emissions to Water
BOD5 kg/ADt 0.05-0.1
COD kg/ADt 0.4-0.8
TSS kg/ADt 0.45-1.0
AOX kg/ADt < 0.01
Total P kg/ADt 0.005-0.01
Total N kg/ADt 0.05-0.1
Waste Water Amount m3/ADt 15-20
Emissions to Air
• From External Fuels
TSP kg/ADt 0.08-0.2
SO2 kgS/ADt 0.04-2.0
NO2 kg/ADt 0.8-2.3
Solid Waste
Non-Hazardous Waste to Landfill kg/ADt 10-70
Process Heat and Power
Process Heat Consumption (net) GJ/ADt 6.5-7.5
Power Consumption (net) MWh/ADt 0.9-1.1
Main Process Chemicals
Minor amounts of dyes etc.
– For general emission calculation principles, see Items 3.3.2 and 3.3.3
– Fibre furnish 100 % purchased chemical pulp
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4.9 Speciality Pulp and Paper Mills
The following mill classes belong to this category:
• Integrated security paper mills
• Non-integrated security paper mills
• Speciality paper mills based on purchased chemical pulps
• Speciality paper mills based on integrated mechanical pulps
• Absorbent paper and board mills based on bleached chemical pulps
• Integrated non-wood pulp and paper mills
The total number of such mills in the EU is about 342 and their total production
capacity about 5.5 million t/a. There are about 280 non-integrated speciality paper
mills with a total production capacity of about 4.1 million t/a. About 38 mills are
integrated with DIP/waste paper plants (total capacity about 1 million t/a). The
number of speciality paper mills integrated with mechanical pulp manufacturing
is about 12 and their total capacity about 0.5 million t/a. The number of non-wood
Figure 4/9. Examples of Possible BAT Control Measure Combinations in Integrated Non-wood Pulp and Paper Mills.
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speciality paper mills integrated with non-wood pulp manufacturing is about 12
and their total production capacity about 0.22 million t/a.
An example of possible BAT measures and the BAT techniques of various
mills belonging to this category are presented in Figure 4/9 and Tables 4-31...4-36,
respectively.
Table 4-31. Integrated Security Paper Mills 9.1.1. (All values given per air dry tonne of paper.)
Emissions to Water
BOD5 kg/ADt 1-2
COD kg/ADt 8-10
TSS kg/ADt 3-4
AOX kg/ADt <0.01
Total P kg/ADt 0.03-0.07
Total N kg/ADt 0.3-0.7
Waste Water Amount m3/ADt 100-120
Emissions to Air
• From External Fuels
TSP kg/ADt 0.30-0.35
SO2 kgS/ADt 0.15-7.8
NO2 kg/ADt 3.0-5.2
Solid Waste
Non-Hazardous Waste to Landfill kg/ADt 20-30
Process Heat and Power
Process Heat Consumption (net) GJ/ADt 30-35
Power Consumption (net) MWh/ADt 4.0-5.0
Main Process Chemicals
NaOH TiO2
Wet Strength Resin PVA
CMC Gelatine
Rosin Glycerine
Al2(SO4)3*14H2O Sorbitol
Dyes and Pigments
– For general emission calculation principles, see Items 3.3.2 and 3.3.3
– Fibre raw material cotton comber
– Pulping process, soda cook, yield about 90 %
– Peroxide bleaching
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Table 4-32. Non-Integrated Security Paper Mills 9.1.2. (All values given per air dry tonne of paper.)
Emissions to Water
BOD5 kg/ADt 0.8-1.0
COD kg/ADt 5-6
TSS kg/ADt 2-3
AOX kg/ADt <0.005
Total P kg/ADt 0.02-0.03
Total N kg/ADt 0.2-0.3
Waste Water Amount m3/ADt 80-100
Emissions to Air
• From External Fuels
TSP kg/ADt 0.30-0.35
SO2 kgS/ADt 0.15-7.8
NO2 kg/ADt 3.0-5.2
Solid Waste
Non-Hazardous Waste to Landfill kg/ADt 10-30
Process Heat and Power
Process Heat Consumption (net) GJ/ADt 30-35
Power Consumption (net) MWh/ADt 3.0-3.5
Main Process Chemicals
NaOH TiO2
Wet Strength Resin PVA
CMC Gelatine
Rosin Glycerine
Al2(SO4)3*14H2O Sorbitol
Dyes and Pigments
– For general emission calculation principles, see Items 3.3.2 and 3.3.3
– Fibre furnish 100 % purchased speciality non-wood chemical pulp
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Table 4-33. Speciality Papers Based on Purchased Bleached Chemical Pulp 9.2. (All values given per air dry tonne of paper.)
Emissions to Water
BOD5 kg/ADt 0.05-2.0
COD kg/ADt 0.4-8.0
TSS kg/ADt 0.5-1.0
AOX kg/ADt < 0.005-0.01
Total P kg/ADt 0.02-0.04
Total N kg/ADt 0.2-0.4
Waste Water Amount m3/ADt 15-25
Emissions to Air
• From External Fuels
TSP kg/ADt 0.07-0.2
SO2 kgS/ADt 0.04-1.8
NO2 kg/ADt 0.7-2.0
Solid Waste
Non-Hazardous Waste to Landfill kg/ADt 10-30
Process Heat and Power
Process Heat Consumption (net) GJ/ADt 7.0-8.0
Power Consumption (net) MWh/ADt 0.95-1.1
Main Process Chemicals
NaOH
Wet Strength Resin
Al2(SO4)3*14H2O
Retention Aid
– For general emission calculation principles, see Items 3.3.2 and 3.3.3
– Fibre furnish 100 % purchased bleached chemical pulp
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Table 4-34. Speciality Papers Based on Integrated Mechanical Pulp 9.3. (All values given per air dry tonne of paper.)
Emissions to Water
BOD5 kg/ADt 0.3-0.5
COD kg/ADt 2.0-5.0
TSS kg/ADt 0.5-1.0
AOX kg/ADt < 0.01
Total P kg/ADt 0.02-0.04
Total N kg/ADt 0.2-0.4
Waste Water Amount m3/ADt 15-25
Emissions to Air
• From Own Biofuels and External Fuels
TSP kg/ADt 0.1-0.25
SO2 kgS/ADt 0.04-1.8
NO2 kg/ADt 0.7-2.0
Solid Waste
Non-Hazardous Waste to Landfill kg/ADt 40-60
Process Heat and Power
Process Heat Consumption (net) GJ/ADt 1.5-8.0
Power Consumption (net) MWh/ADt 2.3-3.1
Main Process Chemicals
NaOH
Alum
Retention Aid
Stock and Surface Sizes
Coating Colour
– For general emission calculation principles, see Items 3.3.2 and 3.3.3
– Fibre furnish 70-75 % bleached mechanical pulp, 25-30 % purchased BSKP
– Coating colour and sizes
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Table 4-35. Absorbent Paper and Board Mills Based on Purchased Bleached Chemical Pulp 9.4. (All values given per air dry
tonne of paper.)
Emissions to Water
BOD5 kg/ADt 0.1-0.3
COD kg/ADt 1.0-2.5
TSS kg/ADt 0.5-1.0
AOX kg/ADt < 0.005
Total P kg/ADt 0.01-0.03
Total N kg/ADt 0.1-0.3
Waste Water Amount m3/ADt 15-20
Emissions to Air
• From External Fuels
TSP kg/ADt 0.09-0.23
SO2 kgS/ADt 0.04-2.5
NO2 kg/ADt 0.88-2.8
Solid Waste
Non-Hazardous Waste to Landfill kg/ADt 20-50
Process Heat and Power
Process Heat Consumption (net) GJ/ADt 7.0-9.0
Power Consumption (net) MWh/ADt 0.9-1.1
Main Process Chemicals
NaOH
Fillers
Alum
Retention Aid
– For general emission calculation principles, see Items 3.3.2 and 3.3.3
– Fibre furnish 100 % purchased chemical pulp
– Filler 0-25 %
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Table 4-36. Integrated Non-Wood Pulp and Paper Mills 9.5. (All values given per air dry tonne of paper.)
Emissions to Water
BOD5 kg/ADt 0.5-1.0
COD kg/ADt 15-25
TSS kg/ADt 1.2-3.0
AOX kg/ADt 0.3-0.5
Total P kg/ADt 0.02-0.03
Total N kg/ADt 0.2-0.3
Waste Water Amount m3/ADt 40-60
Emissions to Air
• From Process
TSP kg/ADt 2.0-2.1
SO2 kgS/ADt 0.5-0.8
NO2 kg/ADt 3.0-3.5
• From Own Biofuels and External Fuels
TSP kg/ADt 0.3-0.5
SO2 kgS/ADt 0.05-1.5
NO2 kg/ADt 0.5-2.0
Solid Waste
Non-Hazardous Waste to Landfill kg/ADt 60-250
Process Heat and Power
Process Heat Consumption (net) GJ/ADt 25-30
Power Consumption (net) MWh/ADt 1.3-1.6
Main Process Chemicals
NaOH kg/ADt 40-60
ClO2 kgClO2/ADt 10-15
O2 kg/ADt 15-25
H2O2 kg/ADt 0-10
Chelating Agent kg/ADt 0-3
SO2 kg/ADt 2-3
Fillers kg/ADt 100-300
– For general emission calculation principles, see Items 3.3.2 and 3.3.3
– Fibre raw material wheat straw or reed, soda cook, ECF bleaching, total yield 38-40 %
– Fibre furnish in paper stock 70-90 % bleached non-wood pulp, 10-30 % purchased BSKP
– Filler and sizes 10-25 %
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A Strategic Concept for Best Available Technology in the Forest Industry
The goal of the report is both to create a lucid way of thinking for BAT documents in various
branches of industry and to present the way of thinking applied to the forest industry. Thus,
in the report, there is a transition from a philosophical level to a highly detailed and practical
one.
The report is in two parts: the conceptual framework and the industry analysis. In the first
part, a framework for applying the BAT concept in practice is created. The framework consists
of, among other things, the hierarchy pyramid, performance ranges, the decathlon principle
and the BAT trees. Simultaneously, the forest industry is classified in a hierarchy consistent
with the created methodology.
In the final part of the report the entire chemical forest industry is dealt with according to the
principles and hierarchical classification developed  in the first  part. Environmental perfor-
mance levels corresponding to BAT are evaluated as intervals. The BAT trees are here in a sig-
nificant role: they are used to present technology combinations which most probably in  a well
managed plant give performance levels inside the intervals. It is important to understand that
the BAT trees are mere examples: according to the definition in this report, the nucleus of BAT
is formed by achieved results, not detailed lists of equipment.
The reader should note that the report was written 1997–1998.
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Suomen ympäristökeskus Helmikuu 2001
Vasara, Petri; Jäppinen, Hannu; Lobbas, Pia
A Strategic Concept for Best Available Technology in the Forest Industry
Raportin tarkoitus on sekä luoda selkeä ajattelutapa BAT-dokumenttien tekoa varten eri teolli-
suudenaloille että esitellä ajattelutapaa metsäteollisuuteen sovitettuna. Täten siinä liikutaan fi-
losofiselta tasolta hyvin detaljoituun käytäntöön.
Raportissa on kaksi osaa: kehikko ja teollisuusanalyysi. Alkuosassa muovataan kehikko, jonka
avulla BAT-käsitettä voidaan lähteä viemään käytäntöön. Kehikon osia ovat mm. hierarkiapy-
ramidi, vaihteluvälit, kymmenotteluperiaate ja BAT-puut. Samalla suoritetaan käsitteistöön so-
piva metsäteollisuuden hierarkinen luokittelu.
Raportin loppuosassa, alkuosan periaatteiden ja hierarkisen luokittelun mukaisesti, käsitellään
koko metsäteollisuus ja arvioidaan BAT-tasoista ympäristösuorituskykyä vastaavat vaihteluvä-
lit kriteereille. BAT-puut ovat tässä merkittävässä roolissa: niiden avulla esitetään teknologia-
yhdistelmiä, jotka todennäköisesti hyvin ohjatussa tehtaassa antavat vaihteluväleihin mahtu-
via tuloksia. On kuitenkin olennaista, että BAT-puut ovat vain esimerkkejä: raportin määritel-
män mukaan BATissa on olennaista saavutettu tulos, ei tarkat laiteluettelot.
Lukijan on syytä ottaa huomioon, että raportti on tehty 1997–1998.
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Vasara, Petri; Jäppinen, Hannu; Lobbas, Pia
A Strategic Concept for Best Available Technology in the Forest Industry
Avsikten med rapporten är både att skapa ett klart tankesätt för BAT-dokument i varierande
industribranscher och att presentera tankesättet tillämpat på skogsindustrin. Därmed rör vi oss
i rapporten från en filosofisk nivå till en mycket detaljerad, praktisk sådan.
Rapporten har två delar: ramen för tankesättet samt industrianalysen. I första delen skapas ett
ramverk med hjälp av vilket BAT-konceptet kan tillämpas i praktiken. Till ramverket hör bl.a.
hierarkipyramiden, performansintervallen, tiokampsprincipen samt BAT-träden. Samtidigt ut-
förs en hierarkisk klassificering av skogsindustrin som är förenlig med den  skapade metodolo-
gin.
I slutdelen av rapporten, i enlighet med begynnelsedelens principer och hierarkiska klassifice-
ring, behandlas hela skogsindustrin. Miljöprestanda motsvarande BAT-nivån evalueras i form
av intervall. BAT-träden är här i en betydande roll: med hjälp av dessa presenteras teknologi-
kombinationer, vilka sannolikt i en väl styrd fabrik ger resultat som ryms inom intervallen. Det
är dock essentiellt att förstå att BAT-träden är blott exempel: enligt denna rapports definition
är kärnan i BAT uppnådda resultat, inte detaljerade listor på utrustning.
Läsaren bör notera att rapporten är gjord 1997–1998.
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